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ABSTRACT
Data from 5 generations of a selection project for increased intramuscular fat (IMF)
in the longissimus dorsi in a population of purebred Durocs were used to determine the
correlated response in litter traits to selection for intramuscular fat and to estimate genetic
parameters for litter traits and predicted intramuscular fat. Genetic correlations were also
estimated among reproductive traits and predicted intramuscular fat (PFAT).
The correlated response in litter traits showed that single-trait selection of pigs only
on IMF would result in a decrease in the maternal performance of females in the population,
along with reduced production performance of their progeny. A significant difference was
found between lines for litter birth weight (LBW), with dams in the control line (CL)
farrowing litters that were 1.22 kg heavier at birth. Dams in the CL farrowed individual
piglets that were 0.11 kg (P < 0.05) heavier at birth than dams in the select line (SL).
Differences between the CL and SL were not significant for total number born (TNB),
number born alive (NBA), number weaned (NW), and adjusted 21-day litter weight (LW21).
Moderate heritability estimates were found for TNB, NBA, LBW, NW, and LWW in
this population of high IMF purebred Durocs. Predicted intramuscular fat showed a high
heritability (0.85). Genetic trends in the SL were significant for all litter traits at birth (P <
0.05), and the genetic trend as for litter weaning weight was significant (P < 0.01) in both the
select and control lines. The genetic trends in the select line litters, along with the genetic
correlations between each litter trait and PFAT within the entire population, were negative
and signified a decrease in reproductive performance with an increase in IMF percentage.
However, the rates of these estimated genetic changes imply that litter traits can be improved
through selection.
Understanding the relationships among measures of reproductive performance and
carcass quality is essential in order for phenotypic inconsistencies is to be controlled and for
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genetic progress to be made. Quantifying the effect that intensive selection for intramuscular
fat in the porcine longissimus muscle has had on reproductive performance will lead to the
establishment of opportunities for producers to add value to the pork they produce without
forfeiting the maternal ability of their breeding females.
1CHAPTER 1. GENERAL INTRODUCTION
With meat quality becoming increasingly important in the swine industry,
intramuscular fat (IMF; commonly known as marbling) is a continuing concern in terms of
consumer driven demand and the possibility of providing a higher quality eating experience
to the public. A positive association between IMF and pork eating quality has been
determined (Lo et al., 1992; Schwab et al., 2006), and therefore, pork producers have the
ability to consistently generate a high quality protein source to the consumer. However, high
quality pork must be produced without adversely affecting the reproductive performance of
females in breeding programs. Correlated responses and genetic relationships between
reproductive traits and production and meat quality traits must be determined in order to
ensure efficient production of pork with exceptional meat quality.
There is experimental evidence that IMF can be improved through selection, as recent
publications have documented (Newcom et al., 2005; Schwab et al., 2005). However, the
availability of correlated responses between reproductive performance and carcass and meat
quality traits, as well as their corresponding genetic correlations, is very limited. Reports
regarding estimated genetic parameters of reproductive traits with other production traits
have been limited to primarily growth rate, feed intake, and backfat (Hetzer and Miller, 1970;
Rydhmer et al, 1995; Kerr and Cameron, 1996) Furthermore, a wide variation in estimates
and data sets exists.
Most authors have concluded that reproductive traits are independent of growth and
carcass traits (Estany et al., 2002b; Petry et al., 2004). Yet, in order to optimize selection
decisions, the advancement attained in IMF has to be balanced against correlated genetic
changes occurring in other traits of interest. It has been shown that selection for carcass lean-
to-fat ratio can have unfavorable effects on meat quality traits, but little is known about the
2correlated response and genetic properties to selection for IMF on reproductive performance
traits.
Today, the Duroc breed has grown in popularity as a terminal sire for the production
of crossbred market hogs because of its production characteristics and meat quality
advantages over other breeds (NPPC, 1995). However, Durocs are not commonly labeled as
a maternal breed within the industry, known for their reproductive contributions to swine
operations. The purpose of the present work was to quantify the correlated response in litter
traits and to estimate maternal genetic parameters after 5 generations of selection for IMF in
purebred Duroc swine.
3CHAPTER 2. LITERATURE REVIEW
The literature review for this thesis is divided into five main sections. The first
section deals with existing research on selection for intramuscular fat and the methods
practiced to do so. The second section reviews published work relating to individual piglet
traits of individual birth and weaning weight, within-litter variation of individual birth
weight, effects of crossfostering and piglet mortality traits. The third portion includes
publications involving breeds and the litter traits of number born, number born alive, litter
birth weight, number weaned and litter weaning weight, among others. The fourth and most
extensive section covers correlated response between reproduction and production traits.
Finally, the fifth section presents a review of correlated response among maternal traits.
Selection for Intramuscular Fat
As intramuscular fat percentage in the loin is becoming increasingly important among
consumers as an indicator of pork quality, additional research on the prediction of and
selection for intramuscular fat percentage (IMF) is necessary. Evaluating IMF in live pigs
and subsequent selection for IMF is a major step in improving the eating quality of pork.
Breed effects for carcass and pork quality traits were analyzed in the Landrace and
Duroc breeds by Lo et al. (1992). Five farrowing groups, each consisting of 12 Duroc and
Landrace sows and 6 Duroc and Landrace boars, were maintained at the Illinois Moorman
Swine Research Farm. A 2 X 2 diallel mating system was used to examine effects of four
genotypes (both purebreds and reciprocal crosses). Individual heterosis, direct breed effects,
and reciprocal cross differences were estimated using post-weaning growth, carcass and pork
quality traits, and real-time ultrasound. A total of 5,649 pigs and 960 carcasses were included
in the study. Offspring of Duroc sires had 7.3 mm less 10th rib backfat and 4.4 cm2 more loin
eye area, and gained 16.5 g more lean per day than those of Landrace sires. Duroc-sired pigs
were superior with 1.9% more intramuscular fat in the longissimus muscle compared to
4Landrace-sired pigs. Data from the reciprocal cross animals produced similar results. F1
barrows, produced by a Duroc sire, exhibited more lean daily gain, less backfat, and larger
loin eyes than the reciprocal cross barrows. However, the same barrows had less marbling in
the longissimus muscle, but heavier muscling in the ham compared to reciprocal crosses.
Lo et al. (1992) published additional results regarding pork quality traits and the
relationships among pork quality, growth, and carcass characteristics. As previously
described, a 2 X 2 diallel mating system was used including the Duroc and Landrace breeds.
Heritabilities and genetic correlations were estimated for traits including average daily gain
(ADG), backfat (BF) and loin muscle area (LMA) ultrasound measurements, carcass traits,
and pork quality traits. Estimates with a moderate to high range (r = 0.36-0.80) were found
for heritability of ADG, BF, LMA, carcass BF and LMA, intramuscular fat (IMF), and pork
tenderness. Genetic correlations indicated that selection for increased LMA and/or reduced
BF will likely decrease IMF, water holding capacity (WHC), juiciness, tenderness, and flavor
of pork. ADG and IMF exhibited a positive correlation (r = 0.27), but an unfavorable
correlation (r = -0.27) between ADG and shear force was seen.
Newcom et al. (2002) developed a model to predict loin IMF in live swine using real-
time ultrasound. Four longitudinal images were collected on 207 purebred Durocs between
the 10th and 13th ribs. Texture analysis software was used to interpret images and predict 10
image parameters. To determine IMF of the carcass, a section from the 10th to the 11th rib
loin interface was collected post-harvest. Results from this study indicated that Duroc swine
provided the best validation of the prediction model. Predicted IMF and carcass IMF showed
product moment and rank correlations of 0.60 and 0.56, respectively. It was concluded that
real-time ultrasound is a useful and accurate tool in predicting intramuscular fat in live swine
and, thus, can lead to the selection of superior breeding stock for pork quality.
Angus bulls were used to determine the effect of sire selection on yearling ultrasound
intramuscular fat (UIMF) or UIMF EPD marbling score of their steer progeny in an analysis
5done by Sapp et al. (2002). Annually, 14 to 30 commercial Angus females were randomly
mated to the bulls. Carcass data were collected on 188 steer progeny. Compared to steers
sired by bulls with low UIMF, high UIMF-sired steers had a higher age-adjusted marbling
score and quality grade. In contrast, the high UIMF steers had a smaller age-adjusted ribeye
area. Differences between high and low UIMF bulls for age-adjusted fat thickness were not
significant. Also, significant regression coefficients were derived for age-adjusted carcass
marbling and quality grade of steer progeny on UIMF EPD, which were 90.50 and 49.20,
respectively. It was concluded that if selection for yearling Angus bulls is based on high
UIMF and UIMF EPD values, steer offspring will be more likely to have higher amounts of
marbling and grade better on a quality grid. In addition, marbling can increase without
increasing external fat thickness, which could result in a less desirable yield grade.
In another study performed by Newcom et al. (2005a), three models for the selection
of IMF were used to compare rankings based on estimated breeding values (EBV) in Duroc
swine. Data analyzed in the study were loin IMF estimates obtained through ultrasound and
carcass measurements from a Duroc swine population. Model 1 included both carcass (C1)
and ultrasound (U1) measurements. Model 2 incorporated ultrasound values used to estimate
breeding values for ultrasound IMF (U2) and in model 3 carcass and ultrasound images were
used to estimate breeding values for carcass IMF (C3). The authors found that the greatest
selection differential was found when selecting for C1. However, when selecting the top 10
and 1% of boars and 50% of gilts based on C3, the greatest loss in the selection differential
occurred. Results showed that greater selection differentials and genetic change occur when
selection is based on a combination of ultrasound-predicted IMF and sibling carcass IMF.
Suzuki et al. (2005) developed a line of Duroc pigs and conducted a selection
experiment over seven generations. Growth rate (DG), ultrasonic loin muscle area (EM), and
backfat thickness (BF) were measured in 1,646 pigs. Intramuscular fat (IMF) and tenderness
(TEND) were meat quality traits evaluated on 547 pigs. Genetic parameters and responses of
6selection and correlated traits were estimated. A selection index, including DG, EM, BF and
IMF in the first two generations, was used in the selection process. Estimated breeding values
were utilized at the conclusion of the third generation using data analysis from the four
performance and growth traits. A positive correlation between IMF and DG (genetic
correlation: 0.23, phenotypic correlation: 0.07) was reported, as well as IMF and BF (genetic:
0.24, phenotypic: 0.21). In contrast, IMF was negatively correlated with EM (genetic: -0.24,
phenotypic: -0.24). Estimates of heritability for DG, EM, BF, IMF, and TEND were 0.48,
0.45, 0.72, 0.46, and 0.45, respectively. Experimental findings showed that the use of sibling
information on IMF and TEND for selection improved meat quality traits.
Individual Pig Traits
Hemsworth et al. (1976) performed a two-series study observing the within-litter
variation in growth performance of piglets to 3 weeks of age and its effect on other
parameters. Individual piglet behavior after birth and its relation to within-litter variation of
growth performance up to 3 weeks of age was also studied. A total of 28 litters were
examined. In Series A, a significant correlation between birth weight and milk consumption
by the piglet, and between birth weight and growth rate was reported. Individual milk
ingestion and growth rate were not influenced by the birth order of the pig or location of the
piglet’s preferred teat. The Series B observations showed that the amount of time a teat was
sucked had a favorable and positive correlation with growth performance of the piglet
preferring that particular teat on day 21 of lactation. Hence, milk yield of the preferred teat is
indicative of growth performance of the piglet, upon development of teat order.
Powell and Aberle (1980) conducted three experiments in order to examine the effect
of low birth weight on postnatal growth and carcass composition in swine. Exp. 1 segregated
pigs into three groups (high, medium and low), according to their birth weight. At weaning,
pigs were penned by birth weight and grown to 96 kg. A large and a runt littermate, and eight
additional runts were studied in Exp. 2. Littermates were reared in their natural litters, while
7the added runts were crossfostered. Post weaning, pigs were penned separately by birth
weight and grown to 96 kg. In Exp. 3, eleven artificially reared pigs were used. These
individuals were raised in their own cage/pen from birth to harvest, at 109 kg. In all three
experiments, low birth weight and runt piglets grew slower than their larger contemporaries.
No carcass composition differences were seen among groups for Exp. 1. In Exp. 2, littermate
and fostered runts took much longer to reach their endpoint. Carcass composition of runt
littermates was similar to that of the larger pigs, but fostered runts produced fatter, lighter
muscled carcasses. Runt barrows in Exp. 3 produced fatter, lighter muscled carcasses, but
runt gilt carcasses were comparable to those of larger barrows. Runts showed a higher
marbling score and percentage of lipid in the longissimus muscle in Exp. 2 and 3. Therefore,
a birth weight of 1,000 g or lower will not have damaging effects on carcass content.
In a mass selection experiment performed by Fredeen and Mikami (1986), 9
generations of pigs were selected for maximum growth (G), minimum backfat (B) and an
index combining the two (I). Individual birth and weaning weights were recorded on pigs in
season one and two. Little difference was found between sexes for piglet mortality at birth,
but survivability of pigs to weaning was greater in females than males. Line differences in
sex ratio and percent survival were very small. Piglets surviving to the end of subsequent
performance evaluation stages exhibited a positive association between an increase of
average birth weight and birth weight. Additionally, positive phenotypic correlations were
seen between pre- and post-weaning traits. However, no time trends were observed for birth
and weaning weight in the G and B line, but positive trends were found in the I line for those
traits. Genetic correlations differed between lines, with weaning weight and gain on test
having a positive, and the strongest, association in the G line, and a negative association in
the I line. Nevertheless, each correlation was accompanied by a large standard error, making
line differences difficult to discern. Heritabilty estimates were near zero for birth weight and
showed no significance for weaning weight. As a result of the conclusions, pre-weaning
8growth would not be adversely affected by post-weaning trait selection. In fact, the authors
suggested that pre-weaning traits may be enhanced due to a selection protocol that includes
both growth rate and carcass merit.
Roehe (1999) analyzed 14,950 records of individual birth weight (IBW) and litter
birth weight (LBW). All pigs in the study were born to dams coming from 3 purebred lines
(German Landrace, German Edelschwein, and Large White). Pigs weighing < 1 kg at birth
had pre-weaning mortality decreased from 40% to less than 7% for pigs weighing > 1.6 kg.
For the aforementioned birth weight groups, growth to 21 days and post-weaning growth
increased by greater than 28 and 8% daily, respectively. To receive the most unbiased
estimate of genetic effects on IBW, adjustment for number of pigs born total (NOBT) was
necessary. After that adjustment, the direct and maternal genetic correlations decreased from
-0.41 to -0.22. In addition, a linear relationship was found between IBW and NOBT, which
resulted in a birth weight reduction for each pig. Heritabilties for NOBT, number born alive,
and LBW were estimated to be 0.10, 0.08, and 0.08, respectively. Thus, in order to improve
direct and maternal genetic effects for IBW concurrently, higher IBW should be the focus of
selection. Piglet vigor, along with pre-and post-natal performance, can be improved as well.
Kaufmann et al. (2000) utilized data collected from a French experimental herd
between 1990 and 1997. Data from 1,928 litters were used, which included records of
individual birth weights of 18,151 animals and individual weaning weight from 15,360
animals. Five percent of the piglets were cross-fostered. Genetic parameters for individual
birth and weaning weight, along with litter size for Large White pigs, were estimated. Direct
and maternal heritabilities for birth weight were 0.02 and 0.21, respectively. Corresponding
heritabilities for weaning weight were 0.08 and 0.16, with 0.22 and 0.02 for litter size,
respectively. Positive direct and maternal genetic correlations of 0.59 and 0.76 were found
between birth and weaning weight. In addition, the genetic correlations between direct effects
on weight traits and maternal effects on birth weight were positive, but weak (0.10 - 0.20).
9Maternal genetic effects on the three traits studied and direct genetic effect for litter size
showed negative correlations among them.
Milligan et al. (2002) determined the patterns of variation for within-litter birth
weight and the effects of individual birth weight variation on pre-weaning survival, weight
gain and variation in weaning weight. Analysis of piglet survival and weight gain relative to
piglet birth weight and within-litter variation was performed. The study included data from
416 Yorkshire and Yorkshire x Landrace litters. Litters with a high variation in birth weight
experienced high variation in weaning weight also. Piglets with lower birth weights relative
to their contemporaries had a greater chance of pre-weaning mortality than their heavier
littermates, but their weight gain remained unaffected upon survival. The survival of low
birth weight piglets was further hindered by large litters. In addition, litters with a high
number of piglets born alive often contained low birth weight piglets resulting in a lower pre-
weaning survival. It was concluded that a high variation in birth weight can ultimately lead to
reduced survival for litters with a low mean birth weight, and variable weaning weights.
Quiniou et al. (2002) used data originating from the Pig Research Station of ITP to
study the variation of piglets’ birth weight and how that variation affects post-weaning
survival and performance. Nine hundred sixty-five litters from Large White x Landrace sows
inseminated with Large White x Pietrain semen, born between July 1998 and October 2000,
were included in the data set. As litter size increased, the mean birth weight of the litter
decreased. More specifically, a litter size of < 11 piglets resulted in a mean birth weight of
1.59 kg versus a litter of > 16 piglets producing a 1.26 kg mean birth weight. The mean litter
birth weight was reduced by 35 g after each additional piglet born beyond a litter size of 16.
Eleven percent of small piglets, with a birth weight less than 1.0 kg, were stillbirths.
Moreover, 17% of these small piglets died within 24 hours of birth. Piglets above 1.0 kg
were 4% stillbirths and 3% died within the first 24 hours of life. Average daily gain during
10
suckling, post-weaning, and growing-finishing periods was higher for pigs with higher birth
weights.
In order to determine an existing maternal additive genetic variance for within-litter
variation in piglet birth weight and change in within-litter variation in piglet weight during
suckling, Damgaard et al. (2003) reviewed data on over 20,000 piglets born to Swedish
Yorkshire sows. Genetic correlations between the variation traits, combined with mortality,
birth weight, growth, and number of piglets born alive, were estimated. The genetic
correlation between within-litter variation in birth weight and within-litter variation in piglet
weight at three weeks was 0.71. During suckling, limited maternal genetic variance was seen
for the change in within-litter variation in piglet weight. The estimated genetic correlation
between within-litter variation in birth weight and proportion of dead piglets was 0.25. Mean
growth of piglets and within-litter variation in birth weight showed a correlation of -0.31. In
summary, genetic improvement of within-litter variation in birth weight could be
accomplished with the use of selective breeding.
Crossfostering
Crossfostering is a common practice to increase piglet survival and weight gain for
nursery pigs. Neal et al. (1991) conducted an analysis of the phenotypic effects of
crossfostering baby pigs using data from 254 crossfostered pigs and 753 non-crossfostered
pigs obtained from the Western Branch of the Ohio Agricultural Research and Development
Center. All pigs used in the study were from Duroc and Landrace first-parity litters. With
combined foster and nonfoster data, birth weight was positively correlated with improved
birth vigor (0.40), survival to 21 days (0.34), and 21-day weight (0.37). Moreover, positive
correlations existed between improved birth vigor and pig survival to 21 days (0.70) and to
weaning (0.66). It can be inferred that baby pig size and strength influence survival and
performance. Crossfostered pigs had a higher survival rate to 21 days and weaning compared
to non-crossfostered pigs, when unadjusted for birth vigor. Therefore, livability of average-
11
strength pigs can be reduced when they are crossfostered. In addition, when adjusted for age
on test, non-crossfostered pigs did gain 13.5% faster than crossfostered pigs during the first
portion of the grower-finisher period, but no difference was found among each type during
the second portion or total grower-finisher period.
With sow milk production being a major factor affecting pig growth to weaning, King
et al. (1997) delegated 30 first parity sows to 3 experimental crossfoster treatments. Sows
were subjected to separate groups in order to examine the influence of the piglet’s body
weight on the milk production of the sow. The 3 treatments were as follows: Control foster
(CF), consisting of sows nursing pigs in the age range of birth and 29 days; newborn foster
(NBF), including sows which nursed piglets between birth and 17 days of age followed by
piglets from 2 to 28 days old; and two-week foster (TWF), which were sows that nursed
piglets between 17 and 29 days of age. Appropriate pigs were fostered within 1 day of
farrowing to standardize a litter size of 9 pigs per litter. Each litter was exchanged between
each crossfoster treatment. All pigs were weaned at 4 weeks of age. Sows in the TWF
treatment showed higher milk production between days 4 and 8 in the lactation cycle
compared to NBF and CF sows, but milk production was not different during days 11-15.
Between days 18-22 in the lactation length, NBF sows had a lower milk production than CF
sows after crossfostering, but no difference was seen between days 25-29. Milk composition
during lactation was not compromised due to the crossfoster treatments. Results showed that
piglet body weight and milk consumption had a positive relationship, suggesting that larger
pigs have a greater ability to stimulate the teat, removing more milk from the mammary
glands.
Mortality Traits
Leenhouwers et al. (1999) used records on 7,817 litters to study genetic influences on
the occurrence of stillbirths in pigs. Litters studied were products of 2 purebred dam lines
(D1 and D2), 1 purebred sire line, and a two-way cross (D12). Numerous traits were recorded
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for each litter including number of stillbirths, parity of dam, gestation length (GL), total
number born (TNB), average birth weight (ABW), variation in birth weight (VBW), and pre-
weaning mortality rate (PMW). No significant difference was found between lines for
average birth weight of stillborn and live piglets. No line differences were seen for stillbirths.
Number of stillbirths per litter in relation to GL, TNB, and ABW showed a significant
difference between lines. Number of stillborn piglets in each litter was positively correlated
with TNB and negatively correlated with GL and ABW. Additionally, litters with stillbirths
had a lower vitality, as evidenced by the strong, positive relationship between number of
stillborns per litter and number of piglets that died before weaning.
Three mortality traits (crushing, stillbirth and total mortality) were analyzed by
Grandison et al. (2002) to estimate their genetic and phenotypic parameters, and their
correlations with birth weight. Records from 11,016 Yorkshire piglets, born into 1,046 first
parity litters of a Swedish herd, were used in the study. Birth weight and each mortality trait
were analyzed together. Heritabilities were low for each mortality trait, ranging from 0.01-
0.15. The crushing trait had the lowest heritability estimate and stillbirth showed the highest.
Environmental correlations were negative between mortality traits and birth weight. A
negative genetic correlation was found in each model between crushing and birth weight (-
0.13 to -0.60). This correlation suggests that it is more probable that sows producing litters
with low-weight piglets will crush pigs. Stillbirth and birth weight displayed a positive
genetic relationship. The authors concluded that the stillbirth and crushing traits are
influenced by different genes. What's more, if birth weight is increased, the number of
stillborn piglets may increase also.
To sum up, a positive relationship between piglet performance and milk yield has
been found by the authors in this section. However, the mean growth of a piglet exhibits an
antagonistic relationship with within-litter variation of birth weight. While a lower piglet
birth weight will not have a dramatic effect on carcass composition, a low litter birth weight
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and variation in weaning weight are associated with decreased survivability. Furthermore,
high birth weights have a positive linear trend with incidence of stillbirths. A positive, yet
unfavorable, connection exists between number of stillborns per litter and pre-weaning
mortality as well. However, pre-weaning growth does not seem to be affected by post-
weaning growth selection.
Litter Traits
A genetic analysis on sow productivity traits was performed by Bereskin (1984).
Records from approximately 1,000 Duroc and Yorkshire litters, located at the Beltsville
Agricultural Research Center, were used to derive genetic and phenotypic parameters for
these traits. Both spring- and fall-farrowed litters were analyzed. Number born alive, 21-day
litter size, 21-day litter weight, and an index combining those three traits were the principal
components studied. In addition, total number born (including stillborns), litter birth weight,
and litter size and weight at weaning were traits examined. Both breeds contained a select
and control line. In the initial spring season of 1975, Yorkshires performed higher than
Durocs in terms of production, but displayed more fluctuation throughout the course of the
study and ended around their starting point in the spring of 1982. Durocs began at lower
production levels, but showed greater increase throughout the trial. A wide variance was
found among the heritability estimates for different groupings, with the largest variance
existing between Durocs and Yorkshires. Total number born and number born alive showed
the largest heritability estimates for the breeds in this study (0.27 and 0.07 for Durocs,
respectively, and -0.88 and -0.06 for Yorkshires, respectively). Moreover, weight traits
showed higher heritabilities than number traits. Genetic correlations among the traits were
generally high and positive. In order to bring maximum genetic improvement, 21-day litter
weight by itself, or in combination with 21-day litter size or number born alive, should be the
selection criterion focus.
14
Heritability and repeatability estimates for litter traits including total number born,
number born alive, and total birth weight were analyzed by Gu et al. (1989). Two lines, both
originating from closed herds of a breeding company, were used in the study. Line A
consisted of 1,018 Landrace litters and Line B included 863 Large White litters. All traits
exhibited low heritability and repeatability estimates. Heritability estimates ranged from 0.07
to 0.12 in Line A and from 0.10 to 0.14 in Line B, while the corresponding values for
repeatability were 0.12 to 0.15 and 0.14 to 0.18, respectively. In Line A, total birth weight
showed the highest heritability estimate, with number born alive having the highest
repeatability. Total birth weight had the highest heritability in Line B as well, but total
number born had the highest repeatability. Size of the litter in which a female was born had
no effect on her reproductive ability. Furthermore, genetic and phenotypic correlations were
estimated between litter traits and fat thickness. Both genetic and phenotypic correlations
were small, but negative. Litter trait and growth rate regressions were negative as well, but
not of notable significance. The authors concluded that litter traits could accompany growth
and carcass traits in a selection scheme.
Kaplon et al. (1991) estimated population parameters for performance and
reproductive traits in Polish Large White swine. Reproductive records used in this study were
from 94 nucleus herds consisting of Polish Large White sows during 1978 to 1987.
Reproductive performance records included 41,080 litters. Heritabilities were estimated for
number born alive (NBA), litter size at 21 days (N21), and 21-day litter weight (W21).
Genetic and phenotypic correlations among these traits were estimated as well. Heritabilities
for NBA, N21, and W21 were calculated to be 0.07, 0.06, and 0.06, respectively. Genetic
correlations between NBA and N21, NBA and W21, and N21 and W21 were 0.91, 0.68, and
0.80, respectively. Corresponding phenotypic correlation values were 0.88, 0.75, and 0.86,
respectively.
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Records on 3,994 purebred Yorkshire and Landrace litters, from the Quebec Record
Performance Sow Productivity Program, were used by Southwood and Kennedy (1991). To
estimate environmental and genetic trends in litter size, all litters included in the data were
first-parity. Three different measurements used for litter size were total number born
(NOBN), number born alive (NOBA), and number weaned (NOWN). In both the Yorkshire
and Landrace breeds, environmental trends were positive for all three traits, but only NOWN
was significant (0.51 pigs/yr) in Landrace. Small genetic trends were estimated, but direct
breeding values and the combined direct and maternal breeding values were negative.
Yorkshires showed the only significant genetic trend for estimated breeding value for both
maternal and direct effects on NOBA and NOWN (P < .05), which varied from -0.10 to
0.002 and -.002 to .004 pigs per year, respectively.
Rydhmer et al. (1995) studied 4,086 Yorkshire sows from Swedish nucleus herds to
estimate heritabilities for age at first farrowing, number born alive in the first and second
litter, and length of the first farrowing interval. Heritability estimates ranged from 0.08 to
0.27, with number born alive in the first litter having a heritability of 0.13. Genetic
correlations among reproductive traits were also measured. Litter size in the first and second
litter had a genetic correlation of 0.67 and an environmental correlation of 0.09. A positive
environmental correlation between age at first farrowing and number born alive in the first
litter was reported. In addition to the aforementioned parameters and relationships,
correlations among reproduction and production traits were estimated. Growth rate and age at
first farrowing showed a genetic correlation (-0.61) that was not only negative, but also
significant. The same type of genetic correlation was found between backfat thickness and
age at first farrowing (-0.16). Correlations between performance traits and litter size were not
significant.
Records from Duroc, Hampshire, Landrace, and Yorkshire litters from the National
Swine Registry were analyzed by Culbertson et al. (1997). The need for the specific
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adjustment factors for these major breeds of swine was studied. New adjustment factors for
number born alive and litter weaning weight were obtained with a more comprehensive
model. A comparison of the current factors versus the effectiveness of the adjustment factors
from this study was performed as well. In the Duroc breed, new adjustments for youngest to
oldest parity 1 gilts ranged from 0.98 to 0.55, respectively, for number born alive. These
differed from the current adjustments, all of which were 1.5. A range of 1.04 in the youngest
group to 0.49 in the oldest group was found in the Hampshire breed for number born alive,
which was different than the current 1.5 adjustment in all age groups. Corresponding values
for Yorkshires and Landraces were 1.46 to 0.57 and 1.10 to 0.81, respectively. At that time,
all current adjustments for NBA in the Yorkshire breed were 0.69 and 0.57 in the Landrace
breed. For 21-day litter weight, the youngest to oldest range in parity one gilts was 6.00 to
1.91 in Duroc swine. Current adjustments for Durocs were 2.95 in each age group.
Hampshire swine ranged from 4.64 to 2.18, youngest to oldest for 21-day litter weight. The
new Hampshire adjustments differed from the current adjustments, which were all 2.95.
Parallel adjustments factors in the Landrace and Yorkshire breeds were 6.36 to 3.45 and 4.55
to 1.95, respectively. Each of these new adjustments were dissimilar to the adjustments of
4.57 in Landrace and 2.53 in Yorkshires at that time. Durocs exhibited the smallest number
after transfer (NAT) adjustments for 21-day litter weight in each NAT category (1 – 10+),
with Landrace and Yorkshires having the largest. The authors stated that the inclusion of
genetic merit is important for updating industry standard adjustment factors on a breed-
specific basis. Current adjustments did not account for sows being able to reach puberty and
conceive at a younger age versus those at an older age. Therefore, their economic benefits
and genetic evaluation may have been biased downward.
Johnson et al. (2002) examined maternal genetic effects on performance traits
measured post-weaning in the Yorkshire, Landrace, Duroc, and Hampshire breeds. Data used
in the study were obtained from performance test records of a commercial swine operation.
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Sixty percent of the litters culled boars at weaning that did not meet breed-specific maternal
and performance index standards. All boars and females kept were grown to 100 days of age.
End weights (WT100) were recorded and an ultrasound machine was used to collect backfat
(BF) and loineye area (LEA) measurements over the 12th rib. Average daily gain (ADG) and
breed-specific parameters were computed for every animal and average daily feed intake
(ADFI) was calculated for boars. In WT100, ADG, ADFI, LEA, and BF, maternal effects
were significant (P<0.05) in the Landrace breed. For the Yorkshires, maternal effects were
important in WT100, ADG, LEA, and BF. Weight at 100 d of age and ADG had important
maternal effects in the Duroc breed, and WT100 had substantial maternal effects for
Hampshires. Heritability estimates for direct additive effect were 0.28, 0.34, 0.48, and 0.63
for ADG, ADFI, LEA, and BF for Landrace, and 0.26, 0.31, 0.39, and 0.65 for Yorkshires,
respectively. Corresponding values for the Duroc breed were 0.14, 0.20, 0.26, and 0.35, and
0.17, 0.23, 0.25, and 0.31 for Hampshires, respectively. Heritabilities for maternal genetic
effect were also estimated. In Landrace, these estimates for ADG, ADFI, LEA, and BF were
0.02, 0.05, 0.06, and 0.07, respectively, and 0.02, 0, 0.04, and 0.06, respectively, for
Yorkshires. Estimates for the Duroc breed were zero across all traits except ADG, which was
0.03. All heritability trait estimates for maternal effect were zero in Hampshires. When
performance traits are evaluated on a genetic basis, maternal effects should be kept in mind
for certain breeds in swine. The authors concluded that in order to achieve the greatest
overall response in a trait, improvement in maternal and direct response must be made.
Noguera et al. (2002) reported their findings on a large experiment of selection for
litter size in a population of Landrace swine. A total of 3,034 sows and 961 litters were used
in the first cycle. Selection for number of pigs born alive (NBA) was completed using
information on relatives, along with a high selection intensity. A select line, consisting of 160
sows and 25 boars with the highest breeding values, and a control line, consisting of 160
sows and 25 boars randomly chosen, were formed. In this experiment, the authors found that
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increasing litter size through selection can be successful. Each parity had the potential to
have a different genetic background and response to selection was heterogeneous across the
six parities. A correlated genetic response in weight and backfat thickness at 175 days of age
to selection for litter size was not detected.
Many studies suggest that Large White and Landrace females are superior in terms of
their reproductive output. Nevertheless, a greater improvement has been found in the Duroc
breed for reproductive performance over time. In addition, the Landrace breed appears to
have the greatest maternal genetic effects on performance traits, with Hampshires and Durocs
being very similar with lower effects.
Numerous authors have reported low heritabilities for reproductive traits, but the
correlations among them are moderate to high. The inclusion of 21-day litter weight in a
maternal selection scheme seems to bring about maximum genetic improvement. Other
results suggest that litter size could accompany growth and carcass traits in a performance
oriented selection focus without adversely affecting terminal traits. Moreover, certain
environmental factors do not seem to affect a sow’s mothering ability. More specifically, the
litter size in which a female is reared has little effect on her reproductive capability.
Correlated Response between Reproductive and Production Traits
When a breeding program is designed, the correlated response in reproductive
performance should be taken into account when selecting for growth and/or carcass traits.
This section includes the correlated response of reproductive traits to selection for production
and/or carcass traits.
Hetzer and Miller (1970) studied the correlated response of reproductive traits and
those traits relative to female productivity in two lines of Duroc and Yorkshire swine. Both
breeds were selected for backfat thickness and were assigned to either a high-fat (D-H and Y-
H) or low-fat (D-L and Y-L) line. Durocs were selected through 13 generations and
Yorkshires through 11. A control line (D-C and Y-C) was established for the two breeds.
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Conception rate, number of services per conception, length of gestation period, dam’s weight
on day bred, day 109 of gestation and day litter weaned, weight changes during gestation and
suckling periods, and litter size at birth, 21, and 56 days were the reproductive traits studied.
While the trends were not significant, conception rate decreased in every line, excluding the
D-H line. Durocs showed no noticeable change in gestation length, but the Yorkshires
showed an increase in each line. Litter size had upward trends in the D-L and Y-H lines, and
downward trends in the D-H and Y-L lines. However, litter size trends were not significant.
In both breeds, phenotypic correlations were low and negative between backfat and all
reproductive traits, except litter size at 21 days in Durocs (0.03) and weight change during
suckling in Yorkshires (0.03). Conclusions in this study indicated that selection for decreased
backfat will not lower reproductive performance.
Morris (1975) conducted data analysis of litter records from 27 Large White and 14
Landrace herds. Herds were tested for growth and carcass traits at central test stations in
Great Britain. Genetic correlations between reproductive performance and growth and
carcass traits were calculated by combining sibling data from test stations and reproductive
data from young females. Genetic correlation estimates between reproductive performance
and growth and carcass traits exhibited the same sign in the Large White and Landrace breed.
In the Large White breed specifically, the genetic correlation for combined litter size at birth
and 3 weeks of age with average backfat was -0.18. The genetic correlation of combined
litter size at birth and 3 weeks with average backfat was -0.36 in the Landrace breed. For
litter weight at 3 weeks and average backfat, estimated genetic correlations were -0.15 and -
0.21 in the Landrace and Large White breeds, respectively. A carcass points score, comprised
of average backfat, loin muscle area, hind quarter %, and trimming %, was positively
correlated with litter size at birth and 3 weeks, and litter weight at 3 weeks in both breeds.
Also, growth and carcass traits were pooled together in order to create a selection index. The
genetic correlation between that selection index and reproductive traits was small in
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magnitude, ranging from -0.04 to 0.02. Inclusion of reproductive performance in a selection
index showed small genetic improvement in each generation, but the rate of genetic
improvement increased over subsequent generations.
Steane (1981) presented an extensive review of work published prior to 1981 relating
to antagonistic traits in pig breeding. Evidence suggested that selection for less backfat
thickness and/or increased growth would not result in an unfavorable effect on reproductive
traits. Several studies showed that reproductive traits were independent of growth and carcass
traits. Studies in certain populations have shown that an environmental/maternal effect
against large litter size exists. Additionally, there are some results concluding that selection
for higher lean will have an adverse affect on meat quality.
Data from 9 generations of swine, selected for maximum growth (G), minimum fat
(B), or an index combining the two (I), were studied by Fredeen and Mikami (1986) in order
to determine time trends in reproductive performance. In the I line, litter size at birth and at
weaning showed positive regression trends, but the same trends were nearly zero in the B and
G lines. By the final generation, line I showed the greatest litter size at weaning, with the G
line having the smallest. After inbreeding adjustments were made for season 2 in the last
generation, line B showed the highest number born, with line I being the lowest. Line I
exhibited the highest number weaned, with control being the lowest. Strongest genetic
correlations, all of which were positive (0.2 to 0.24), were seen in the B line with litter size
traits and litter weaning weight (0.22). Line I displayed the highest genetic correlations with
total litter weight of pigs born and litter weight of pigs born alive. Therefore, the conclusions
did not support the theory that mass selection promotes retaining breeding stock born into
litters above average in size.
An index mass selection experiment, comprised of increased post-weaning average
daily gain and decreased backfat, was conducted by Cleveland et al. (1988). Line LG
included pigs mass-selected for the index and the C line consisted of pigs selected at random.
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Five generations of reproductive traits, including total number born, number born alive,
number weaned, individual birth weight, litter birth weight, individual weaning weight, litter
weaning weight, and number of nipples on each pig, were recorded. Carcass measurements
were also recorded. Heritabilities of reproductive performance measures were estimated from
correlations among paternal half-sibs. Estimates ranging from 0.03 to 0.45 were found for
number born (0.11), number weaned (0.03), litter weaning weight (0.22), and nipple number
(0.45). A range of -0.07 to -0.46 was reported for heritabilties of number born alive (-0.07),
litter birth weight (-0.07), and individual birth (-0.46) and weaning weight (0.45). A
cumulative selection differential was used to calculate regression coefficients for differences
between the 2 lines. All regression coefficients were negative, except for individual birth and
weaning weights, and litter birth and weaning weights. Carcass loin muscle area and
percentage of ham and loin displayed positive regression coefficients as well. Genetic
correlations were also estimated with the index. All reproductive traits showed negative
correlations with the index ranging from -0.24 to -0.35, excluding litter weaning weight
(0.17). Correlations of the index with number born alive, litter birth weight, and individual
birth and weaning weights were not estimated. The authors concluded that selection for a
lean growth index should not have a substantial effect on litter size and weight.
Kuhlers and Jungst (1992a) studied 181 litters of Landrace swine, selected for
increased weight at 70 days of age for six generations, in order to estimate correlated
response in reproductive and carcass traits. Litter size, number born alive, litter size at 21
days, litter birth weight, and 21-day litter weight were reproductive traits analyzed. Carcass
length, loin muscle area, average backfat, 10th rib backfat, specific gravity, closely trimmed
ham, loin and shoulder weights, belly weight, loin muscle subjective color and marbling
scores, estimated percent muscle, and lean gain per day were the carcass traits measured.
Litter size at 21 days increased by 0.24 pigs per generation. No change was found for all
other reproductive traits were zero. A decrease of –0.08 cm, -0.00054, and -0.10 kg per one
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unit change in 70-day weight was observed for carcass length, specific gravity, and ham
weight, respectively, in each subsequent generation. On the other hand, an increase of 0.05
points and 0.003 kg/day was seen in color score and lean gain, respectively, per generation.
These results indicate that for every 1 kg change in 70-day weight, color score and lean gain
will increase by the magnitude of the aforementioned coefficients. Percent muscle in the
carcass showed no difference between select and control lines. While selection for 70 day
weight can result in a larger litter size at 21 days, it will have a very small impact on total
born, number born alive, litter birth weight, and 21-day litter weight. The authors concluded
that if litter birth weight, 21-day litter weight, or percent muscle in the carcass is less than
desirable in the herd, selection for 70 day weight should be included in the selection protocol.
Kuhlers and Jungst (1992b) performed an additional similar experiment involving six
generations of Duroc swine selected for increased 200 day weight. A select line and a
randomly selected control line was established from 189 litters and 191 pigs. Correlated
responses in reproductive and carcass traits were then estimated. Reproductive traits included
in the study were total born, number born alive, number alive at 21 days, litter birth weight
and 21 day litter weight. Carcass traits analyzed in the study included carcass length, loin
muscle area, average backfat thickness, 10th rib backfat, specific gravity, closely trimmed
ham, loin and shoulder weights, belly weight, subjective scores for loin muscle color and
marbling, percent muscle of the carcass and lean gain per day. Total born had an estimated
regression coefficient of -0.29 pigs per generation. No other reproductive traits had
regression coefficients different than zero. A 0.093 cm, 0.122 cm and 0.089 kg increase at
each subsequent generation was seen in average backfat thickness, 10th rib backfat and belly
weight, respectively. In contrast, a decrease of -0.00086, -0.165 kg, 0.013 kg, -0.104 kg, -
0.035 points and -0.47 % was observed for specific gravity, ham weight, shoulder weight,
subjective color score and percent muscle in the carcass, respectively, per generation. No
difference in lean gain per day was noted between the select and control line. The authors
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attributed this to the low percent lean in select line carcasses. Therefore, selecting for
increased 200 day weight produced a small effect on reproductive traits.
Kuhlers and Jungst (1993) utilized the same experimental design to estimate
correlated responses of reproductive and carcass traits in Landrace swine. A total of 195
litters and 285 pigs were examined in this study. All reproductive traits showed regression
coefficients that were not different from zero. Each generation increased by 0.069 kg, 0.051
kg, 0.045 points and 0.0042 kg/day for ham weight, belly weight, subjective marbling score
and lean growth, respectively. A decrease of -0.00063 per generation was seen for specific
gravity in response to 200-day weight selection. No effect on reproductive traits was
observed due to 200-day weight selection in Landrace swine.
It has been suggested that selection for reduced backfat thickness may result in an
unfavorable effect on reproductive performance over time. Gaughan et al. (1995) studied
reproductive records on 1,072 Large White sows in order to determine the influence, if any,
of backfat thickness on first parity gilts at selection. The authors set out to institute the best
possible backfat thickness range for females to produce optimal reproductive performance as
well. Sows were segregated into three groups according to backfat depth (L, 9-13 mm; M,
14-16 mm; F, >17 mm). During the first parity, litter and individual traits (total piglets born,
total born alive, piglet birth weight, number weaned, piglet weaning weight, weaning to
remating period, and number of litters produced) were not affected by backfat depth. From a
lifetime reproduction viewpoint, fewer litters and weaned pigs were produced by L group
sows compared to females in the M and F groups. However, in the L group, piglets had
heavier birth weights than in the other two groups. The results show that reproductive
performance in the first parity was not adversely affected, but selection for reduced backfat
thickness has a negative influence on lifetime performance.
Kerr and Cameron (1995) examined five generations of selection for daily food intake
(DFI), lean food conversion (LFC), lean growth rate with an ad-libitum feeding regimen
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(LGA), lean growth rate on a specific scale feeding (LGS), and the correlated responses in
reproductive performance. Large White gilts (n = 1,220) were utilized for litter trait
evaluation collection. High and low lines for litter size showed a response to selection of 1.9
pigs/yr for the DFI group and -1.5 pigs/yr for the LFC group, both at birth. At weaning, the
corresponding estimations were 0.9 pigs/yr and -1.8 pigs/yr, respectively. Litter birth weight
responses to selection were positive for DFI and negative for LFC. Differences in selection
lines for litter weaning weight were 17.5kg/yr for DFI and -17.3 kg/yr for LFC. Also, linear
relationships were found at birth and weaning between litter size, litter weights and piglet
weights. Genetic and phenotypic correlations among individual piglet traits and litter traits
were all positive and most were larger than 0.42 in magnitude. It was concluded that,
regardless of the feeding regimen, selection for lean growth will not affect reproductive
performance in a significant manner. With that being said, it is important to consider the fact
that the high LFC group and low DFI lines exhibited lower reproductive performance.
Data originating from 29,607 Large White and 25,283 French Landrace gilts were
used by Ducos and Bidanel (1996) in order to estimate genetic correlations between
production and reproduction traits measured on-farm. Age at 100 kg live weight (a100) and
backfat thickness at 100 kg (B100) were the production traits studied, while total number
born (TNB) and number born alive (NBA) in all litters, total born (TNB1) and number born
alive (NBA1) in the first litter and second litter (TNB2 and NBA2) were the reproductive
traits analyzed. Backfat thickness at 100 kg and the reproductive traits exhibited correlations
that were very close to zero and unfavorable, ranging from -0.02 to 0.10. These correlations
did not differ in the two breeds. An antagonistic relationship, of greater strength, existed
between A100 and each reproductive trait. More specifically, a genetic correlation of 0.15
and 0.24 was found for A100 with TNB and NBA, respectively, in the Large White breed.
The French Landrace breed showed stronger genetic correlations with A100 and TNB or
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NBA in the first or second litter. These low, yet antagonistic, relationships could negatively
influence efficiency in selection programs.
Five generations of Large White swine were selected for efficient lean growth in an
additional study completed by Kerr and Cameron (1996). The genetic and phenotypic
relationships between performance and reproduction traits in this population were estimated.
A total of 884 gilts, out of 4,334 pigs performance tested with ad libitum feed, and 336 gilts,
out of 1,558 pigs performance tested with restricted feed, had reproductive traits measured.
Genetic correlations between litter weights at birth and weaning with daily feed intake (0.48
and 0.42, respectively) and growth rate on test (0.65 and 0.52, respectively) were positive for
ad libitum-fed pigs. However, the correlations with backfat depths were not notably different
from zero. Litter birth weight and growth rate had a positive genetic correlation (0.50) in
restrictively fed pigs, but backfat depths had negative correlations with litter birth weight in
these same pigs. Additionally, in ad libitum-fed individuals, a positive genetic correlation
was found between litter size at birth and weaning with daily feed intake (0.23 and 0.21,
respectively) and average daily gain (0.44 and 0.31, respectively). Average backfat depth
showed a negative genetic correlation with litter size at birth (-0.08), but the genetic
correlation was positive with litter size at weaning (0.09), with pigs given ad libitum feed.
Pigs given feed at a restricted level had a positive genetic correlation between average
backfat depth and litter size at birth (0.05). The phenotypic and environmental correlations
between performance test and reproduction traits, with pigs under both feed regimens, were
all less than 0.10 in magnitude and much lower than the genetic correlations. Furthermore, a
non-linear relationship was detected between predicted breeding values for backfat depth and
litter birth weight. This relationship indicates that extreme backfat genotypes have the
potential to perform lower than average on a reproductive level. In conclusion, the results in
this study imply that low daily feed intake could affect reproductive performance in a
negative manner.
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In a beef cattle study dealing with 78 Norwegian dual purpose bulls, Aass et al.
(1997) analyzed the correlated responses of selection for high milk yield on growth rate,
roughage intake, and carcass and meat quality traits. Two genetic lines, high (HL) and low
(CL, control) milk production level, were created by making use of progeny-tested sires from
the NRF selection program. Additionally, two different concentrate levels (high and low)
were included as treatments. More accelerated growth and roughage intake was found in the
HL bulls, which were younger at the time of slaughter. Carcass quality was similar, showing
no major differences, between the HL and CL bulls. However, a lighter meat color was
observed for the HL bulls and a lower percentage of intramuscular fat in the longissimus
dorsi as well, compared to CL bulls. Bulls subjected to the high concentrate diet revealed
higher, although slight, dressing % and carcass fat versus low concentrate bulls. The high
concentrate bulls showed a significantly higher intramuscular fat % in the longissimus dorsi
than bulls fed the lower concentrate. The higher growth rate in HL bulls could explain the
presence of lighter meat and decreased intramuscular fat percent. This is also attributed to the
low genetic correlation between milk and beef production traits.
Data on 1,799 Large White and 1,522 Landrace boars for performance traits, and
6,050 Large White and Landrace sows for reproductive traits was used to estimate genetic
parameters for reproductive traits and genetic correlations between reproduction, production,
and carcass and meat quality traits. Hermesch et al. (2000) analyzed number born alive
(NBA), litter birth weight (LBW), average piglet weight at birth (ABW) logged in parities
one through three, and 21 day litter weight (LW211). Terminal traits used in the study
included average daily gain (ADG), feed intake (FDINT), feed conversion ratio (FCR),
backfat, weight of back leg (BLW), weight of ham (LMW), pH at 45 minutes and 24 hours
after slaughter (pH45 and pH24), color of loin muscle (CLD), drip loss percentage (DLP),
and intramuscular fat content (IMF). Estimates ranging from 0.06 to 0.22 for heritabilities of
maternal traits were reported. Number born alive and LW211 had the lowest heritability
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values. Genetic correlations involving growth rate features, feed intake, BLW and LMW
with NBA were discovered to be negative with a range of -0.45 to -0.01. However, desirable
genetic correlations existed between LBW, ABW and growth rate, BLW and LMW, ranging
from 0.08 to 0.55. No genetic relationship was found concerning NBA, ABW and backfat,
but a low backfat was linked to a high LBW. Inconsistent results were found for genetic
correlations between reproduction and meat quality traits. Larger litter sizes and higher birth
weights were associated with darker loin muscle color. For intramuscular fat, no relationship
was seen with litter size. Yet, genetic correlations from -0.37 to -0.26 were observed between
high IMF and low litter birth weight and average piglet birth weight. As a result, leanness
was not related to litter size. These conclusions indicate that it would be possible for leanness
selection to consequently improve litter weight qualities.
Noguera et al. (2002) studied the records for number of pigs born alive (NBA),
weight (WT), and backfat thickness (BT) on Landrace x Large White swine. Genetic
relationships were estimated between NBA and the production traits at different parities. A
total of 392 sires and 5,394 dams were represented in the analysis. Genetic correlations
between litter size and contiguous parities exceeded a magnitude of 0.80 in many instances.
In contrast, the correlation of litter size and non-adjoining parities was much smaller.
Estimations were near zero for the genetic correlation between production traits, WT and BT,
and NBA. Outcomes in this study imply that different parities should be considered different
traits in swine production. Furthermore, there is evidence that selecting for growth and
backfat leads to little or no correlated response in litter size.
Estany et al. (2002a) used data from two lines of pigs, a line selected for litter size
(H) and a control line (C), to estimate correlated response of litter size and production traits,
including growth, fat, and feeding behavior patterns. The test period was 75 to 165 days of
age. Records obtained on each animal were birth weight (BW), ultrasonic midback fat
(UMB), ultrasonic loin backfat (ULB), individual voluntary feed intake (DFI), number of
28
visits (NVD), and feeding time (FTD). Line H pigs revealed higher BW at 135 d of age
(P<0.05), but weights at the end of the test were not significantly different (P = 0.18) than
the C line. Therefore, this conclusion indicates that H pigs grew faster at the beginning of the
feeding period (34 + 11g/day, P<0.01), but slower at the end (-68 + 27g/day, P<0.05). At 165
days of age, fat deposition rates differed as well. Pigs selected for litter size exhibited a
higher UMB (1.26 + 0.23mm) and ULB (1.32 + 0.28mm) compared to control line pigs.
Throughout the entire test period, feed intake did not differ among lines. However, feed
intake was somewhat higher between days 105 and 135 days of age in line H. Additionally,
while line C showed higher feed efficiency from 100 to 165 days of age, line H performed
better before 100 days. Thus, C pigs had a higher feed efficiency throughout the total feeding
period. In regards to feeding time, line H pigs ate less frequently, but spent more time and ate
more upon each visit. The authors concluded that selection for litter size in the long term
could lead to reduced lean growth.
Estany et al. (2002b) conducted a trial of selection for litter size in Landrace swine
and evaluated the correlated response in carcass, meat, and fat quality traits after one cycle of
selection. Two lines were established, a select line (H) and a control line (C). Backfat depth
was higher in the H line, but the two lines reflected no differences in other carcass
measurements. Predicted carcass lean content was decreased in the H line. The H line also
possessed higher belly weights. No significant changes in meat quality traits were noted
between lines. A lower proportion of polyunsaturated fatty acids was found, however, in the
line H fatty acid profile. Results showed that while the percentage of high-priced cuts and
meat quality traits were unaffected, litter size selection decreased lean content in carcasses.
Endogenous production of IMF tended to be stronger in development for the H line than the
C line. Selecting for litter size seems to put forth an effect on the regulation of acid
composition in IMF. Correlated effects are explained under the assumption that pigs in the
selection line are more mature at the same weight.
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Chen et al. (2003) estimated genetic correlations between lean growth and litter traits
in four major swine breeds in the U.S. The estimated correlations were breed-specific to the
Yorkshire, Duroc, Hampshire and Landrace breeds. Lean growth and litter trait data from
herds of the aforementioned breeds, collected between 1990 and 2000 on the National Swine
Registry Swine Testing and Genetic Evaluation System, were used. Genetic correlations
between days to 113.5 kg (Days) and number born alive (NBA) for the Yorkshire, Duroc,
Hampshire and Landrace breeds were -0.041, 0.051, -0.072 and -0.061, respectively. All
genetic correlations of Days with 21-day litter weight (L21WT) were positive and similar
across three breeds. The Hampshire breed was the exception in this case as the correlation
was -0.095. The Hampshire breed was found to be the outlier in the correlation of Days and
number weaned (NW) with a value smaller than its standard error, but negative. The other
three breeds had correlations which were also smaller than their standard errors, but positive.
Backfat (BF) and NBA genetic correlation estimates were 0.193, 0.176, 0.183, 0.201 for
Yorkshire, Duroc, Hampshire and Landrace, respectively. Correlations between BF and
L21WT were negative and relatively high for all four breeds. In contrast, correlation
estimates for BF and NW were low and positive, being smaller than their standard errors. In
the Yorkshire, Duroc, Hampshire and Landrace breeds, the estimates for loin muscle area
(LMA) and NBA were -0.015, -0.016, 0.019 and -0.028, respectively, and -0.054, 0.083, -
0.031 and 0.051, respectively for LMA and L21WT. Estimates for genetic correlations
between LMA and NW were relatively low and displayed negative signs across all four
breeds. Lean growth rate (LGR) and NBA correlations for Yorkshire, Duroc, Hampshire and
Landrace were -0.087, -0.082, -0.098 and -0.113, respectively. Moreover, the genetic
correlation estimates between LGR and L21WT exhibited an average of -0.060 across the
four breeds. The correlations among LGR and NW were smaller than their standard errors for
each of the breeds.
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Holm et al. (2004) used data from Norwegian Landrace females born in nucleus herds
to estimate the genetic correlations between reproduction and production traits. Age at first
service (AFS), number born alive at first litter (NBA1), interval from weaning to first service
after parity 1 (WTS1), number born alive at the second litter (NBA2), and interval from
weaning to first service after parity 2 (WTS2) were the reproductive traits studied. Production
traits used to estimate genetic correlations were as follows: adjusted age at 100 kg (A100),
percent lean meat content (LMC), individual feed consumption from 25 to 100 kg (FC),
bacon side quality (BSQ), and average adjusted backfat thickness (BF). Heritablities were
0.38, 0.11, 0.06, 0.12 and 0.03 for AFS, NBA1, WTS1, NBA2 and WTS2, respectively. The
genetic correlation between A100 and AFS was the highest correlation estimated (0.68). In
addition, the genetic correlation between FC and AFS was positive. However, a negative
correlation was found for NBA1 and NBA2 with A100 (-0.60 and -0.42, respectively). Thus,
a negative relationship resulted between FC and NBA1, and FC and NBA2 (0.23 and 0.20,
respectively). The correlations involving BF and reproductive traits were near zero.
Additionally, an unfavorable relationship existed between BF and WTS1 (-0.12). As a result,
it is possible that BF has an undesirable effect on WTS1.
The objective of the study done by Petry et al. (2004) was to estimate the correlated
responses in growth and carcass traits to nineteen generations of selection for increased litter
size in the NE index line. A total of 850 litters were produced, with 224 pure line litters.
Differences between the two lines, select line (I) and control line (C), were estimated for pure
lines, as well as F1’s and three-way crosses. No differences were found in direct genetic
effects for backfat at 88.2 kg or days to 88.2 kg between lines. Even so, loin muscle area was
smaller in the line I pigs, compared to line C. In a second experiment, where barrows and
gilts were penned separately to record feed intake, no difference was found for ADFI, ADG,
G:F, days to 113 kg, BF, LMA, LM ultimate pH, LM Minolta score, and percent carcass lean
between the pure lines I and C. However, the pure line I required approximately 4.5 days
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longer to reach 113 kg compared to the line C pigs. Concluding results indicate that growth
and carcass traits are genetically independent of litter size and associated traits.
In summary, most authors have concluded that reproductive traits are independent of
growth and carcass traits. Generally, selection for decreased backfat shows no short term
effect on reproductive performance, but in the long term, low backfat can have a negative
effect on lifetime reproductive performance. In addition, different parities of dams should be
considered as different traits. Research has shown that subsequent parities perform
dissimilarly to those before and after. Furthermore, some studies have shown that as litter
size increases, lean content in the carcass will be reduced.
Correlated Response among Reproductive Traits
Irvin and Swiger (1984) used data from 609 Yorkshire, Hampshire, and Duroc litters,
from the Western Branch of the Ohio Agricultural Research and Development Center, to
determine genetic and environmental parameter estimates for sow productivity traits. Traits
studied included number born, number born alive, litter birth weight, 21 day litter weight,
litter weaning weight and number at weaning. Number born, number born alive and number
at weaning showed heritability estimates of 0.26, 0.20 and 0.30, respectively. Heritability
estimates for litter birth weight, 21 day litter weight and litter weaning weight were 0.54,
0.17 and 0.15, respectively. The calculated heritabilities signify that the genetic contribution
of the dam to her progeny for litter weight was higher for prenatal growth than in the nursing
period. Large, positive genetic correlations were found among litter sizes and litter weights.
Litter size and weight at birth, 21 days, and at weaning showed large and positive genetic
correlations. Litter size and average piglet weight at birth and 21 days displayed an
antagonistic association, along with number born and average piglet weight at both birth and
21 days. Hence, evidence has shown that larger litters are usually comprised of smaller pigs.
Phenotypic and environmental correlations illustrated the same relationships.
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In the previously described study done by Hermesch et al. (2000), genetic correlations
were estimated among various reproductive traits. The authors found that NBA had an
adverse effect on average piglet birth weight (ABW) and litter weight at 21 days (LW21). In
contrast, a positive genetic relationship was seen between litter size in the first, second, and
third parity. The genetic correlation between litter birth weight (LBW) and number born alive
improved from negative to positive as parity progressed from one to two. Average piglet
birth weight and LBW exhibited a moderate to high correlation with estimates ranging from
0.29 to 0.87. It is possible that this correlation might have been influenced by cross-fostering
applications. Relationships of 21-day litter weight and other reproductive traits were
generally not significantly different from zero in magnitude. For these reasons, different
parities in sows should be considered as different traits when evaluating reproductive
performance.
The objective of the study done by Lund et al. (2002) was to study any existing
relationships between direct and maternal genetic effects on total number of piglets born,
number born alive, and proportion survived from birth until 3 weeks of age. Records on
26,564 Landrace and 15,103 Yorkshire litters, all of which came from first parity dams, were
used in the analysis. In the Landrace breed, estimates for maternal heritabilities for total
number born, number born alive, and proportion survived from birth until 3 weeks of age
were 0.11, 0.06 and 0.08, respectively. These same values in Yorkshire pigs were 0.14, 0.06
and 0.01, respectively. Estimates for direct heritability were < 0.05. Additionally, a negative
correlation (-0.39) was seen between maternal genetic effects on total number born and
proportion alive at 3 weeks in Landrace pigs. The genetic relationship between direct and
maternal effects on proportion survived from birth until 3 weeks was negative (-0.41) as well
in the Landrace breed. Corresponding correlations in the Yorkshire breed were not
significant. If total born is the sole selection objective, a decline in maternal performance of
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sows could be the result. Moreover, using both direct and maternal effects in a pre-weaning
survival selection scheme could lead to positive outcomes.
Data originating from 336 purebred Pietrain, Yorkshire, and Large White litters,
coming from a nucleus farm in Brouennes, France, were analyzed by Leenhouwers et al.
(2003). Four categories of stillborn piglets (nonfresh, prepartum, intrapartum, and
postpartum) were organized to determine the relationship to genetic merit for the survival of
sows and their litters at farrowing. The relationships of total number of piglets born per litter,
average litter BW, and within-litter variation in BW with the genetic merit of farrowing
survivability of sows and litters were analyzed as well. Birth weight, number of stillborn
piglets and their respective category, and number of live-born piglets were recorded for each
litter. All stillborn piglets, excluding prepartum stillborns, exhibited lower BW than piglets
born alive. As sows’ breeding value for farrowing survival increased, stillborns per litter,
stillborn per category, average litter BW, and within-litter variation in BW decreased. The
presence of a decrease in nonfresh, prepartum, and postpartum stillborn piglets led to a
decrease in total number of stillborn piglets in each litter as the breeding value for farrowing
survival of litters increased. Farrowing survival breeding value for the sows showed a higher
probability in relation to stillbirth than stillbirth in relation to the breeding value of litters.
With an increasing litter farrowing survival breeding value, total number of piglets born
decreased. These results infer that if the maternal genetic component of farrowing survival is
selected for, all categories of stillbirths can be lowered while not affecting litter size.
Petry and Johnson (2004) estimated responses in reproductive traits from the NE
index line litter size selection project described in the “Correlated Response between
Reproduction and Production Traits” section of this review. Response estimates were derived
from pure line, F1, and three-way cross dams. No difference in farrowing rates existed
between line I and line C. Line I exhibited larger direct genetic effects than line C for total
born, number born alive, number of mummies, and litter birth weight. However, direct
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genetic effects were greater in line C than line I for litter weaning weight. An increase of
4.18 total pigs and 1.76 stillborn pigs was seen in line I compared to line C in the pure line
litters. Moreover, a contrast of 0.32 pigs for number weaned and -0.28 kg for litter weaning
weight was observed between the two lines in the pure line litters. Although the incidence of
stillborns and mummies increased, litter size is a heritable trait that can respond to selection.
In addition, response to selection for increased litter size was greater in the pure line dams
than the F1 dams.
35
CHAPTER 3. CORRELATED RESPONSE IN LITTER TRAITS
TO SELECTION FOR INTRAMUSCULAR FAT IN DUROC SWINE1
A paper to be published in the Journal of Animal Science
A. L. Bushman, T. J. Baas2, C. R. Schwab, and K. J. Stalder
Department of Animal Science, Iowa State University, Ames, Iowa, 50011
ABSTRACT
The objective of this study was to evaluate the correlated response in reproductive
traits to selection for intramuscular fat (IMF) in purebred Duroc swine. Data originated from
a project selecting for increased IMF with the use of real-time ultrasound (Schwab et al.,
2005). Forty gilts were randomly mated to boars for 2 generations to form a base population
of 56 litters. Littermate pairs of gilts were randomly chosen with 1 gilt assigned to the select
line (SL) and the other to the control line (CL). Littermate gilts were then mated to the same
boar in the base generation to establish genetic ties between lines. In each generation, IMF is
estimated in the live animal using real-time ultrasound and selection is based on estimated
breeding values (EBV) for IMF. After 5 generations of selection for IMF, the average EBV
for SL pigs is 1.95% greater than for CL pigs. Least squares means for 10th rib backfat and
loin muscle area in generation 5 were 20.1 mm and 45.0 cm2 in the CL, and 24.5 mm and
39.2 cm2 in the SL, respectively. Litter traits evaluated in this study were total number born
(TNB), number born alive (NBA), average pig birth weight (ABW), litter birth weight
(LBW), number weaned (NW), and adjusted 21-day litter weight (LW21). Common fixed
1 This journal paper of the Iowa Agriculture and Home Economics Experiment
Station, Ames, Iowa, Project No. 3614, was supported by Hatch Act and State of Iowa funds.
2 Correspondence: 109 Kildee Hall, Iowa State University, Ames, IA, 50011 (phone:
515-294-6728; fax: 515-294-5698; e-mail: tjbaas@iastate.edu)
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effects in the analysis models included line and contemporary group. Linear and quadratic
covariates differed according to the trait of interest. Sire within line and dam were common
random effects in all models. A significant difference was found between lines for LBW,
with dams in the CL farrowing litters that were 1.22 kg heavier at birth. Dams in the CL
farrowed individual piglets that were 0.11 kg (P < 0.05) heavier at birth than dams in the SL.
Differences between the CL and SL were not significant for TNB, NBA, NW, and LW21.
Selection for IMF resulted in decreased litter birth weight and average pig birth weight for
litters and pigs in the SL, but did not have a significant effect on other litter traits.
Keywords: Intramuscular Fat, Litter Traits, Selection
INTRODUCTION
In recent years, the objectives of selection in pigs have changed from sole emphasis
on meat production traits to incorporating more meat quality traits (Suzuki et al., 2005).
Intramuscular fat (IMF; commonly known as marbling) has become increasingly important
in the swine industry due to consumer demand, in that it results in a higher quality eating
experience for pork consumers. Therefore, additional research emphasis has been recently
placed on meat quality traits.
Information in the literature regarding relationships between litter traits and carcass
and meat quality traits has been recently reviewed (Hermesch et al., 2000; Estany et al.,
2002; Petry et al., 2004). Nonetheless, the availability of correlated responses between
reproductive performance and carcass and meat quality traits is very limited.
There is experimental evidence that IMF can be improved through selection
(Newcom et al., 2005b; Schwab et al., 2005). Yet, in order to optimize selection decisions,
advancement attained in intramuscular fat has to be balanced against correlated genetic
changes occurring in other traits of interest (Estany et al., 2002). It has been shown that
selection for carcass leanness can have unfavorable effects on meat quality traits (Schwab et
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al., 2006), but little is known about the correlated response to selection for IMF on
reproductive performance traits.
The objective of this study was to investigate the correlated response in reproductive
performance after 5 generations of selection for intramuscular fat in a population of purebred
Durocs.
MATERIALS AND METHODS
Animals
Experimental protocols for this study were approved by the Iowa State University
Institutional Animal Care and Use Committee. Data originated from a selection project for
increased intramuscular fat (IMF) in Duroc swine (Newcom et al., 2005b; Schwab et al.,
2005) at the Lauren Christian Swine Research Center at the Iowa State University Bilsland
Memorial Research Farm. Forty Duroc gilts were purchased from breeders across the U.S. A
base population of 56 litters was formed by randomly mating those gilts for 2 generations
using boars that represent the Duroc breed from regional U.S. boar studs. Littermate pairs of
gilts were randomly chosen with 1 gilt assigned to the select line (SL) and the other to the
control line (CL). Littermate gilts were then mated to the same boar in the base generation to
establish genetic ties between lines. Further details of the animals used in the study are in
Newcom et al. (2005b). Through 5 generations of selection for IMF, 590 project litters have
farrowed. All females in each generation of the project were first parity females.
During gestation, all females were housed in open-fronted buildings in large, concrete
floored pens. Farrowing occurred over a 2-month period in each generation. Farrowing took
place in 1,52 x 2.13 m crates located in rooms in an environmentally controlled building.
Each room contained 12 crates. Sows were placed on a restricted feeding regime consisting
of 1.8 to 2.3 kg per day of a 15% corn-soybean meal-premix diet during gestation. Sows
were allowed ad libitum access to the same diet during lactation.
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Age at weaning ranged from 12-44 d of age, at which time pigs were moved to an
environmentally controlled nursery building. Pigs were fed 11.3 kg per litter of a diet
consisting of 22.0% crude protein (CP) with 1.6% lysine, followed by a 20.0% CP, 1.2%
lysine diet for 3 weeks. Subsequently, a 19.0% CP, 1.15% lysine diet was provided. Pigs
were moved from the nursery at 8-9 weeks of age and were housed in 1 of 3 types of
finishing facilities. The first type of building was curtain-sided with totally slotted floors,
where pigs were given 0.74 m2 of floor space. A curtain-sided building with partially slotted
floors was the second facility type, with pigs having 0.76 m2 of floor space. The third
finishing facility was a totally enclosed, monoslope building with solid concrete floors and a
flush gutter system, providing 0.74 m2 of floor space per pig. Pigs were allowed ad libitum
access to feed and water in each of the 3 building types. A 3-phase feeding program
consisted of a 17.5% CP, 1.15% lysine corn-soy diet from 34 to 68 kg BW, 16.0% CP, 0.85%
lysine corn-soy diet from 68 to 91 kg BW, and a 15.0% CP, 0.70% lysine corn-soy diet from
91 kg to market weight. Contemporary groups in the finishing phase consisted of pigs housed
in the same finishing facility.
In each generation, intramuscular fat was estimated in the live animal using real-time
ultrasound and selection was based on EBV for IMF (Newcom et al., 2005b). After 5
generations of selection for IMF, the average EBV for SL pigs was 1.95% greater than for
CL pigs. There were 172 pigs harvested from generation 5 and a total of 590 project litters
have farrowed through 6 generations. Least squares means for 10th rib backfat and loin
muscle area from generation 5 were 20.1 mm and 45.0 cm2 in the CL, and 24.5 mm and 39.2
cm2 in the SL, respectively. A complete description of data collection, breeding value
estimation, and statistical analysis is given in Newcom et al. (2005b).
Litter Traits
Traits investigated since the inception of the project included total number born
(TNB), number born alive (NBA), average piglet birth weight (ABW), litter birth weight
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(LBW), number weaned (NW), and adjusted 21-day litter weight (LW21). All litters were
processed at birth and farrowing date, total number born, number born alive, individual piglet
birth weight, and total litter birth weight were recorded. Contemporary groups (CG) for
maternal traits were defined as litters weaned over each 2-week period.
Total number born included all pigs, dead or alive, farrowed by one sow, but
excluded mummified fetuses. Mummified fetuses were pigs that were born degenerate and
having died at some point during gestation. Stillborn pigs were fully formed pigs that were
born dead and had not taken a breath. Number born alive included only the fully formed pigs
born alive in each litter. Litter birth weight is the sum of individual weights from the piglets
born alive in each litter. Average pig birth weight was calculated by dividing litter birth
weight by the number of pigs born alive.
Number after transfer (NAT) is the total number of pigs allowed to nurse each sow
after pigs have been cross fostered to or from other females. Number weaned included the
number of piglets alive at weaning and weaned from each sow.
Litters were weaned 12 to 44 d after farrowing and litter weaning weight was a
combined total of each pig’s individual weight at weaning. Adjusted 21-day litter weight
(LW21) of each litter was calculated using National Swine Improvement Federation (NSIF,
1997) adjustments for age of the litter at weighing and number of pigs allowed to nurse
(NAT). Age of the litter was represented by lactation length (LL), which is the difference in
days between the weaning and farrowing date. Descriptive statistics for traits measured are
shown in Table 1.
Expected progeny differences (EPDs) and selection indexes were obtained from the
National Swine Registry Swine Testing and Genetic Evaluation System (STAGES). Details
of data collection and program procedures can be found in STAGES (NSR, 2006). Individual
EPDs for NBA, LW21, backfat (BF), and days to 114 kg (DAYS) were evaluated. Maternal
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Line Index (MLI) combines EPDs for NBA, LW21, DAYS, and BF. Sow Productivity Index
(SPI) combines EPDs for NBA, NW, and LW21.
Statistical Analyses
Least squares means and corresponding SE were estimated using PROC MIXED of
SAS (SAS Inst., Inc., Cary, NC). Fixed effects of line and CG were included in all models
and linear covariates differed according to the trait of interest. Covariates were not used in
the models for TNB, NBA, and ABW. A linear covariate of NBA was used in the model for
LBW. The model for LW21 contained LBW and age at farrowing (AF) as linear covariates.
The model for NW contained a linear and quadratic effect for NAT and linear effects for
LBW and AF. Individual inbreeding coefficients (INB) and the size of the litter the dam was
born in were initially included as linear covariates in each model, but were not significant
and thus were excluded from the final models. Random effects of sire within line and dam
were included in each model. All models are the result of a stepwise process of fitting all 2-
way interactions between fixed effects, along with second and third order polynomial effects
of the covariates, and subsequently removing the nonsignificant (P > 0.05) effects
sequentially (Schwab et al., 2006). Phenotypic correlations among traits were calculated
using the PROC CORR procedure in SAS (SAS Inst., Inc., Cary, NC).
Least squares means and corresponding SE for EPDs and selection indexes were
analyzed using PROC MIXED in SAS (SAS Inst., Inc., Cary, NC). All models included fixed
effects of line (SL or CL) and contemporary group.
RESULTS AND DISCUSSION
Litter Traits
Least squares means for litter traits at birth are presented in Table 2. Control line
dams farrowed litters that were 1.22 kg heavier at birth (P < 0.01) than SL dams. The
difference between lines for average pig birth weight was significant (P < 0.05), with pigs in
the CL being 0.11 kg heavier at birth than those in the SL. Differences between lines for total
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number born and number born alive were not significant. These data are consistent with
previous research by Powell and Aberle (1980), who found that runts, which are very low
birth weight piglets, showed a higher marbling score and higher percentage of lipid in the
longissimus muscle (IMF) when compared to their higher birth weight contemporaries.
Hermesch et al. (2000) reported an association among low intramuscular fat content and
higher litter birth weight and average piglet birth weight in Large White and Landrace sows,
similar to the findings in this study. In contrast, conclusions in this study do not agree with
the findings of Quiniou et al. (2002), who reported larger litters have a lower mean piglet
birth weight for the litter as a whole. In this study, litter size differences were not significant,
but larger litters had higher average piglet birth weights. These contradictory results may be
explained by the different genetic lines (commercial pigs) used in previous studies and/or a
difference in mean litter birth weight and litter size between the studies.
Least squares means for litter traits at weaning are shown in Table 2. Differences
between lines for NW and LW21 were not significant. These outcomes are in agreement with
previous studies that have found litter traits to be independent of carcass and meat quality
traits. In an extensive review of antagonistic traits in swine breeding, Steane (1981) reported
evidence that suggested selection for less backfat thickness would not result in an
unfavorable effect on reproductive traits. Petry et al. (2004) found that selection for increased
litter size had no effect on growth and/or carcass traits. Therefore, the authors concluded that
growth and carcass traits are genetically independent of litter size and associated traits.
Stronger endogenous production of intramuscular fat has been seen in lines selected
for increased litter size compared to the control line in an experiment performed by Estany et
al. (2002). This adverse conclusion to the present study could be attributed to the effect that
selection for litter size has on the regulation of acid composition in IMF. Fatty acid
composition of IMF appeared to be affected by selection for litter size in the study described
by Estany et al. (2002). An increased level of fatness, along with a decrease in the
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polyunsaturated fatty acids in IMF were also seen in the line selected for increased litter size
compared to the control line. The difference in polyunsaturated fatty acids was due to linoleic
acid concentration. Estany et al. (2002) reported that the control line would direct lipogenesis
to assimilate dietary linoleic acid compared to the line selected for increased litter size.
Intramuscular fat and linoleic acid percentage were unrelated in the line selected for
increased litter size in Estany et al. (2002). The use of glucose by muscle could be a
physiological explanation for this, as intramuscular fatty acids are synthesized from glucose
rather than additional lipogenic antecedents (Hocquette et al., 1998). Hocquette et al. (1998)
reported that selection for lean growth increases the use of glucose in the muscle, ultimately
leading to the loss of its use for the synthesis of IMF. Thus, in contrast to the present study,
Estany et al. (2002) concluded that litter size and meat quality traits are probably not
independent over time.
Newcom et al. (2005a) reported moderate, positive genetic and phenotypic
correlations between intramuscular fat and individual subcutaneous backfat layers. This
implies that intramuscular fat percentage increases as total backfat increases. It can be
deduced that CL dams and their progeny had less backfat compared to pigs in the SL. Means
for backfat, loin muscle area, and percent IMF, predicted by real-time ultrasound, are shown
in Table 3 by line and gender. These results show that CL dams and sires had less backfat
and a greater loin muscle area compared to SL dams and sires. With CL dams exceeding SL
dams in TNB, NBA, LBW and ABW, observations in this study closely follow those who
have found that swine possessing less backfat have excelled their higher backfat
contemporaries in litter traits such as number born alive, number weaned, and 21-day litter
weight. Ducos and Bidanel (1996) found a negative relationship between backfat thickness at
100 kg and total number born and number born alive, which means that as backfat increases
litter size at birth will decrease. Similar conclusions were found by Hermesch et al. (2000).
The authors stated that low backfat depths were linked to high litter birth weights. Chen et al.
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(2003) revealed a negative correlation between backfat and 21-day litter weight as well,
indicating that an increase in backfat will result in a lower 21-day litter weight. Some reports
have found that there is no decisive indication that lower total backfat results in lower
reproductive performance (Steane, 1981; Hetzer and Miller, 1970). Noguera et al. (2002)
reported that selection for growth and backfat thickness at 175 days of age leads to little or
no correlated response in litter size. During the first parity, litter traits are not affected by
backfat depth (Gaughan et al., 1995), but reduced backfat can have a negative influence on
lifetime reproductive performance. All breeding females in the present study are first parity
gilts. Thus, effects of lower backfat on reproductive performance in later parities cannot be
evaluated.
STAGES Data
Least squares means for EPDs and selection indexes in STAGES are shown in Table
4. Differences between lines were significant for all traits evaluated. Daughters of CL dams
should farrow larger litters and wean heavier litters at 21 days compared to daughters of SL
dams. Progeny of CL dams should reach 114 kg sooner and possess less backfat than
progeny of SL females.
The difference between lines was significant (P < 0.01) for both BF and DAYS
EPDs. Least squares means show that progeny of CL dams will reach 114 kg 2.32 days faster
than those farrowed by SL dams. Likewise, CL offspring will exhibit 2.35 mm less 10th rib
backfat versus those originating from the SL. These results are expected, as CL dams and
sires had less backfat when evaluated by real-time ultrasound. In beef cattle, Aass and
Vangen (1997) found that Norwegian bulls with a high milk production level had a higher
growth rate, but lower percentage of intramuscular fat in the longissimus dorsi, which was
similar to what has been observed from CL dams in this study. Aass and Vangen (1997)
attributed this association to the low genetic correlation between milk production and
production traits. Furthermore, the findings in the present study are in agreement with
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authors who have concluded that females possessing less backfat exhibit higher performance
in litter traits, such as number born alive, number weaned, and 21-day litter weight,
compared to females with a higher backfat content (Ducos and Bidanel, 1996; Hermesch et
al., 2000).
Differences in MLI and SPI closely follow the results of the individual EPDs. A
highly significant (P < 0.01) difference between lines was found for MLI. On average, dams
in the control line displayed a MLI of 16.07 points greater than that of select line dams. This
difference can be expected as the CL mothers demonstrated more desirable EPDs for both the
reproductive and performance traits included in MLI. Females in the CL were also superior
for SPI when compared to SL females (103.87 vs. 100.24), which is a result of more pigs at
birth and heavier pigs at weaning. Therefore, selection for intramuscular fat has resulted in
decreased maternal value of females.
Phenotypic Correlations
The unique population in this study provides an opportunity to evaluate Pearson
correlation coefficients among traits after selection for intramuscular fat. Pearson correlation
coefficients among litter traits within the population as a whole are presented in Table 5 and
coefficients by line are shown in Table 6. In most instances, correlation coefficients between
traits were comparable in direction and magnitude.
Correlations Among Litter Traits within the Entire Population of Study.
Relationships among litter traits for both lines combined are shown in Table 5. In all cases,
correlation coefficients of TNB and NBA with all other traits evaluated were in the same
direction and similar in magnitude. Both TNB and NBA were negatively correlated (P <
0.01) with ABW. This result is consistent with previous research (Roehe, 1999) and indicates
that as litter size at birth increases, a reduction in each pig’s birth weight will result. This
finding also agrees with Quiniou et al. (2002), who found that as litter size increased, the
mean individual piglet birth weight decreased. A positive and highly significant correlation
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of TNB and NBA with LBW (0.76 and 0.86, respectively) was seen in the present study,
which agrees with Irvin and Swiger (1984). In addition, moderate associations (P < 0.05)
were seen for NW and TNB, as well as between NW and NBA (P < 0.01). Kaplon et al.
(1991) found a much higher correlation between NBA and 21-day litter size (r = 0.88)
compared to the correlation between NBA and NW (r = 0.28) in the present study. Total
number born and NBA were negatively correlated (r = -0.25, P < 0.05; r = -0.25, P < 0.05)
with LW21. This does not agree with the correlation between NBA and 21-day litter weight
(r = 0.75) reported by Kaplon et al. (1991), or the positive correlation (r = 0.50) reported by
Irvin and Swiger (1984). This unfavorable association in the present study could be explained
by the negative association that TNB and NBA exhibited with ABW. Irvin and Swiger
(1984) also found an antagonistic relationship between litter size and average piglet weight at
birth and at 21 days. This provides evidence that larger litters are comprised of smaller pigs.
In addition, Hemsworth et al. (1976) reported a significant correlation between birth weight
and milk consumption by the piglet, as well as between birth weight and growth rate.
Therefore, pigs from larger litters generally consume less milk and exhibit lower growth
rates.
Number weaned had the highest positive correlation with LW21 when compared to
other traits in this study (r = 0.45; P < 0.01). Kaplon et al. (1991) reported a higher
correlation (r = 0.86) between 21-day litter weight and litter size at weaning. This stronger
association could be explained by differences in project design and genetics of the swine
used. Average piglet birth weight exhibited a positive correlation, moderate in magnitude,
with LW21 as well (r = 0.31; P < 0.01). This result is indicative of the fact that pigs with a
higher birth weight will contribute to a higher 21-day litter weight.
Litter birth weight exhibited a favorable correlation with NW (r = 0.35, P = 0.0004).
This result implies that sows farrowing litters having a greater birth weight will be more
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likely to wean a greater number of pigs. The correlation between LBW and LW21 was not
significant.
Correlations Among Litter Traits within Lines. Pearson correlation coefficients
among litter traits within lines are presented in Table 6. Pearson correlation coefficients
were generally larger in magnitude in the SL when compared to the CL. Within both lines,
TNB was very highly correlated (P < 0.01) with NBA, with a slightly larger correlation being
observed in the SL. Total number born was more highly correlated (P < 0.05) with LW21
within the SL than in the CL.
Within the SL, NBA showed a higher correlation with NW that was significantly
different from zero (P < 0.05). This same relationship was smaller in magnitude and not
different from zero in the CL. A stronger association (r = 0.36) that was different from zero
(P < 0.01) was found between ABW and LW21 in the SL when compared to the CL (r =
0.23, P = 0.132). The coefficient between NW and LW21 was larger in magnitude for control
line litters then in the select line. All remaining correlations in both lines were similar in
magnitude and direction to those in the entire population.
IMPLICATIONS
While intramuscular fat can be estimated in live animals through the use of real-time
ultrasound, commercial breeding programs must balance selection for this pork quality trait
with emphasis on reproductive traits. Selecting solely on IMF can result in decreased
reproductive performance of dams, along with reduced production performance of their
progeny. Therefore, understanding the relationships among measures of reproductive
performance and carcass quality is imperative if phenotypic inconsistency is to be controlled
and genetic progress is to be made. By quantifying the effect that intensive selection for
intramuscular fat in the porcine longissimus muscle has had on reproductive performance and
standards of consumer acceptance, we may begin to establish opportunities for producers to
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add value to the pork that they produce without sacrificing maternal ability of their breeding
females.
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TABLES
Table 1. Descriptive statistics for reproductive performance traits from Generation 6 of a
selection project for intramuscular fat in Duroc swine
Trait1 N Mean SD Min. Max.
TNB, no. of
pigs 96 9.54 2.89 3 16
NBA, no. of
pigs 96 8.91 2.77 2 14
ABW, kg 96 1.26 0.21 0.83 2.09
LBW, kg 96 10.97 3.14 2.72 20.50
NW, no. of
pigs 96 7.30 2.21 0 12
LW21, kg 96 44.63 14.56 7.71 74.01
1 TNB = total number born; NBA = number born alive; ABW = average piglet birth weight; LBW = litter birth
weight; NW = number weaned; LW21 = adjusted 21-day litter weight.
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Table 2. Least squares means (± SE) for reproductive performance traits at birth and at
weaning from Generation 6 of a selection project for intramuscular fat in Duroc swine
Litter Trait1 CL2 SL2 P-value
Birth Traits
TNB 10.03 ± 0.44 9.10± 0.40 0.139
NBA 9.39 ± 0.41 8.47± 0.38 0.118
ABW, kg 1.32 ± 0.03 1.21 ± 0.03 0.020
LBW, kg 11.62 ± 0.24 10.40 ± 0.22 0.001
Weaning Traits
NW 7.33 ± 0.27 7.35 ± 0.25 0.956
LW21, kg 45.89 ± 1.63 43.82 ± 1.50 0.383
1 TNB = total number born; NBA = number born alive; ABW = average piglet birth weight; LBW = litter birth
weight; NW = number weaned; LW21 = adjusted 21-day litter weight.
2 CL = control line; SL = select line.
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Table 3. Means for carcass and meat quality traits by line and gender for sires and dams of
Generation 6 of a selection project for intramuscular fat in Duroc swine
Trait1 N Mean SD
SBF, mm
CL2
Sires 9 16.20 3.68
Dams 79 16.35 4.65
SL2
Sires 10 21.03 4.40
Dams 105 20.96 5.88
SLMA, cm2
CL2
Sires 9 44.33 5.19
Dams 79 43.59 4.50
SL2
Sires 10 38.72 3.85
Dams 105 38.81 3.71
PFAT, %
CL2
Sires 9 2.39 0.65
Dams 79 3.51 0.72
SL2
Sires 10 4.26 0.78
Dams 101 4.81 0.75
1 SBF = 10th rib backfat measured with real-time ultrasound; SLMA = loin muscle area measured with real-time
ultrasound; PFAT = intramuscular fat percentage of the longissimus measured with real-time ultrasound.
2 CL = control line; SL = select line.
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Table 4. Least squares means (± SE) for STAGES1 data for the dams of Generation 6 of a
selection project for intramuscular fat in Duroc swine
Trait2 CL3 SL3 P-value
NBA EPD 0.15 ± 0.02 0.07 ± 0.02 0.0044
LW21 EPD, kg 0.03 ± 0.06 -0.98 ± 0.06 < 0.0001
BF EPD, mm 0.46 ± 0.14 2.81 ± 0.12 < 0.0001
DAYS EPD, no. of
days 0.15 ± 0.28 2.47 ± 0.25 < 0.0001
MLI 102.3 ± 0.62 86.2 ± 0.55 < 0.0001
SPI 103.8 ± 0.44 100.2 ± 0.40 < 0.0001
1 National Swine Registry Swine Testing and Genetic Evaluation System.
2 NBA EPD=EPD for number born alive; LW21 EPD=EPD for adjusted 21-day litter weight; BF EPD=EPD for
10th rib backfat; DAYS EPD=EPD for days from birth to 114 kg; MLI=maternal line index; SPI=sow
productivity index.
3 CL=control line; SL=select line.
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Table 5. Phenotypic Pearson correlation coefficients among litter traits from Generation 6 of
a selection project for increasing intramuscular fat in Duroc swine
Trait1 NBA ABW LBW NW LW21
TNB 0.93*** -0.52*** 0.76*** 0.22* -0.25*
NBA -0.49*** 0.86*** 0.28** -0.25*
ABW -0.01 -0.02 0.31**
LBW 0.35** -0.05
NW 0.45***
1 TNB = total number of piglets born; NBA = number of piglets born alive; ABW = average piglet birth weight;
LBW = litter birth weight; NW = number of pigs weaned; LW21 = adjusted 21-day litter weight.
*Correlation is different from zero (P < 0.05).
**Correlation is different from zero (P < 0.01).
***Correlation is different from zero (P < 0.0001).
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Table 6. Phenotypic correlations among litter traits by line1 from Generation 6 of a selection
project for intramuscular fat in Duroc swine
Trait2 TNB NBA ABW LBW NW LW21
TNB 0.91*** -0.63*** 0.73*** 0.19 -0.20
NBA 0.94*** -0.62*** 0.85*** 0.24 -0.28
ABW -0.54*** -0.50** -0.14 0.05 0.23
LBW 0.79*** 0.87*** -0.05 0.35* -0.13
NW 0.25 0.34* -0.11 0.40** 0.52**
LW21 -0.33* -0.25 0.36** -0.05 0.38**
1 Correlations for control line litters (CL) are above the diagonal; correlations for select line litters (SL) are
below the diagonal.
2 TNB = total number born; NBA = number born alive; ABW = average piglet birth weight; LBW = litter birth
weight; NW = number weaned; LW21 = adjusted 21-day litter weight.
*Correlation is different from zero (P < 0.05).
**Correlation is different from zero (P < 0.01).
***Correlation is different from zero (P < 0.0001).
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CHAPTER 4. ESTIMATES OF GENETIC PARAMETERS FOR
LITTER TRAITS IN DUROC SWINE IN RESPONSE TO SELECTION
FOR INTRAMUSCULAR FAT3
A paper to be submitted to the Journal of Animal Science
A. L. Bushman, T. J. Baas4, C. R. Schwab, K. J. Stalder, and P. J. Berger
Department of Animal Science, Iowa State University, Ames, IA 50011
ABSTRACT
Genetic parameters for litter traits were estimated in a population of Duroc swine
after 5 generations of selection for increased intramuscular fat (IMF). Forty purebred Duroc
gilts were randomly mated to purebred Duroc boars for 2 generations to form the initial base
population of 56 litters. From the base population, littermate pairs of gilts were randomly
chosen with 1 gilt assigned to the select line (SL) and the other to the control line (CL).
Littermate gilts were then mated to the same boar in the base generation to establish genetic
ties between lines. In each generation, IMF was estimated in the live animal using real-time
ultrasound and selection was based on estimated breeding values (EBV) for IMF. Animal
model and restricted maximum likelihood procedures were used to estimate genetic variances
and covariances between litter traits including total number born (TNB), number born alive
(NBA), litter birth weight (LBW), number weaned (NW), and litter weaning weight (LWW),
along with predicted intramuscular fat (PFAT). Fixed effect of contemporary group was
included in the analysis. The model for LBW included an additional fixed effect of line as
3 This journal paper of the Iowa Agriculture and Home Economics Experiment
Station, Ames, Iowa, Project No. 3614, was supported by Hatch Act and State of Iowa funds.
4 Correspondence: 109 Kildee Hall, Iowa State University, Ames, IA, 50011 (phone:
515-294-6728; fax: 515-294-5698; e-mail: tjbaas@iastate.edu)
57
well. Linear and quadratic effects were added to the model and differed according to the trait
of interest. Based on a five-trait model, estimates of heritabilities were 0.36, 0.42, 0.33, 0.48,
0.34, and 0.85 for TNB, NBA, LBW, NW, LWW, and PFAT, respectively. Genetic
correlations between PFAT and all litter traits were low and negative. Genetic correlations
were favorable between TNB and NBA, NBA and LBW, NW and LBW, LBW and LWW,
and NW and LWW (rg values: 0.03 to 0.97). All remaining correlations among reproductive
traits were negative. Average genetic trends were computed by regressing line differences on
generation number. Significant (P < 0.05) average genetic trends were realized for TNB,
NBA, and LBW in the SL (-0.046 pigs/yr, -0.046 pigs/yr, and -0.039 kg/yr, respectively).
Significant trends (P < 0.0001) were also observed for LWW in the CL and SL (0.256 kg/yr
and -0.245 kg/yr, respectively). Selection for IMF results in undesirable genetic trends in
reproductive performance.
Keywords: Intramuscular Fat, Litter Traits, Selection, Genetic Parameters
INTRODUCTION
Pork quality remains a growing concern in all facets of the swine industry. A
favorable correlation between intramuscular fat (IMF; commonly known as marbling) and
pork eating quality has been reported (Lo et al., 1992; Schwab et al., 2006). Literature
information regarding relationships between litter traits and carcass and meat quality traits
has been recently reviewed (Hermesch et al., 2000; Estany et al., 2002; Petry et al., 2004).
However, reports of estimated genetic correlations of reproductive traits with carcass and
meat quality traits are limited. Knowledge about genetic parameters between reproductive
traits and other production traits has been limited to growth rate, feed intake, and backfat
(Hetzer and Miller, 1970; Rydhmer et al., 1995; Kerr and Cameron, 1996) with a wide
variation in estimates and data sets evaluated.
Genetic improvement in sow productivity has focused on litter size. However, an
antagonistic relationship between litter size and piglet birth weight and piglet mortality has
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been reported (Rydhmer et al., 1992). Therefore, in order to maximize the number of piglets
weaned by each sow through genetic improvement, additional reproductive traits such as
litter birth weight and litter weaning weight should be included in breeding programs
(Hermesch et al., 2000). Today, breeding programs consider a number of production, carcass,
and meat quality traits in some cases. Their genetic relationship with reproductive traits is
imperative in order to determine if litter traits should be analyzed in a multitrait analysis.
Schwab et al. (2005) described a long-term selection experiment to increase
intramuscular fat in Duroc swine. The objective of this study was to estimate genetic
parameters for maternal traits and to obtain genetic correlations among reproduction traits
and intramuscular fat from females after 5 generations of selection for IMF in a population of
purebred Duroc swine.
MATERIALS AND METHODS
Animals
Experimental protocols for this study were approved by the Iowa State University
Institutional Animal Care and Use Committee. Data utilized in this study were from a
selection project for increased intramuscular fat (IMF) in purebred Durocs (Newcom et al.,
2005b; Schwab et al., 2005) at the Lauren Christian Swine Research Center at the Iowa State
University Bilsland Memorial Research Farm (Madrid, Iowa). The project began by
randomly mating 40 purebred Duroc gilts to purebred Duroc boars from regional U.S. boar
studs for 2 generations to form a base population of 56 litters. From the litters produced,
littermate pairs of gilts were randomly chosen with 1 gilt designated to the select line (SL)
and the other to the control line (CL). Gilts in these littermate pairs were mated to the same
boar to establish genetic ties between lines. Further details of the animals used in the study
can be found in Newcom et al. (2005b).
Females were housed in open-fronted buildings in large, concrete floored pens during
gestation. A restricted feeding regime consisting of 1.8 to 2.3 kg per day of a 15% corn-
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soybean meal-premix diet was provided to gilts during gestation. Farrowing took place
within 2 months in each generation. Litters were farrowed in 1.52 x 2.13 m crates located in
4 rooms of 12 crates in an environmentally controlled building. During lactation, ad libitum
access to the same diet provided during gestation was allowed. All females farrowed one
litter and were then removed from the population.
Pigs were weaned from 6 to 44 d of age and moved to an environmentally controlled
nursery building. A three-phase feeding program consisted of: 1) access to 11.3 kg of feed
per pen, consisting of 22.0% crude protein (CP) with 1.6% lysine; 2) 20.0% CP, 1.2% lysine
diet provided for 3 weeks; 3) 19.0% CP, 1.15% lysine diet for the remainder of the nursery
phase. At 8-9 weeks of age, pigs were moved from the nursery and were housed in 1 of 3
types of finishing facilities. The 3 types of finishing buildings were: curtain-sided building
with totally slotted floors and 0.74 m2 of floor space per pig; curtain-sided building with
partially slotted floors and 0.76 m2 of floor space per animal; and a totally enclosed,
monoslope building with solid concrete floors and a flush gutter system, providing 0.74 m2 of
floor space per pig. Ad libitum access to feed and water was provided in each building type.
A 3-phase feeding regime was used in the finishing phase. A 17.5% CP, 1.15% lysine corn-
soy diet was supplied from 34 to 68 kg BW, followed by a 16.0% CP, 0.85% lysine corn-soy
diet from 68 to 91 kg BW, and a 15.0% CP, 0.70% lysine corn-soy diet from 91 kg to market
weight. Contemporary groups in the finishing phase were pigs housed in the same finishing
facility.
In each generation, IMF was estimated in the live animal using real-time ultrasound
and selection was based on EBV for IMF (Newcom et al., 2005b). The average EBV for SL
pigs was 1.95% greater than for CL pigs after 5 generations of selection for IMF. A total of
172 pigs were harvested from generation 5. Least squares means for 10th rib backfat and loin
muscle area in this generation were 20.1 mm and 45.0 cm2 in the CL, and 24.5 mm and 39.2
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cm2 in the SL, respectively. A complete explanation and description of data collection,
breeding value estimation, and statistical analysis is provided in Newcom et al. (2005b).
Litter Traits
A total of 501 first-parity litters from 5 generations were studied. All litters were
processed within 24 h of birth. Farrowing date, total number born (TNB) (including
stillborns), number born alive (NBA), and litter weight (LBW) were recorded at birth.
Total number born included all pigs, dead or alive, farrowed by a sow, but excluded
mummified fetuses. Mummified fetuses were pigs that were born degenerate and having died
at some point during gestation. Stillborn pigs were fully formed pigs that were born dead and
had not taken a breath after delivery or birth, and were included in TNB. Number born alive
included only the pigs born alive in each litter. Litter birth weight was recorded as the sum of
weights at birth of the piglets born alive in each litter.
Number after transfer (NAT) is the total number of pigs allowed to nurse each sow
after pigs have been crossfostered to or from other females. Litters were weaned 6 to 44 d
after farrowing with the majority of litters weaned 17 to 27 d after farrowing. Litter weaning
weight (LWW) was recorded as a combined total of each pig’s individual weight at weaning.
Number weaned included the number of piglets alive at weaning and weaned from each sow.
Lactation length (LL) was the difference in days between the weaning date and farrowing
date.
Predicted intramuscular fat (PFAT) is the percentage of intramuscular fat in the
longissimus dorsi predicted with the use of real-time ultrasound (Newcom et al., 2005b).
Traits included in the genetic parameter analyses were TNB, NBA, LBW, NW, LWW, and
PFAT. Descriptive statistics for traits measured are shown in Table 1.
Statistical Analyses
Data were first fitted to a linear model using PROC MIXED of SAS (SAS Inst., Inc.,
Cary, NC) in order to obtain means, standard deviations, and appropriate covariates for each
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trait in the study. Contemporary group (CG) was a fixed effect included in all models and
was defined as litters weaned over a 2-week period, within each generation. A fixed effect of
line was only significant for LBW and was included in the final model for analysis of that
trait. Covariates differed according to the trait evaluated. No linear covariates were included
in the final models for TNB and NBA. The model for LBW contained linear and quadratic
effects for NBA. The model for NW contained a linear and quadratic effect for age at
farrowing (AF) and NAT. Litter weaning weight was analyzed with a model including linear
effects for LBW and LL, as well as a linear and quadratic effect for NAT. Number weaned
and LWW for sows given the opportunity to nurse pigs, but having lost the entire litter before
the weaning date were recorded as 0. Individual inbreeding coefficients, service sire, and the
size of the litter the dam was farrowed in were initially included as linear covariates, but
were not significant and were excluded from the final models. All initial linear models
included random effects of sire within line and dam. All models are the result of a stepwise
process of fitting all 2-way interactions between fixed effects, as well as second and third
order polynomial effects of the covariates, and subsequently removing the nonsignificant (P
> 0.05) effects sequentially (Schwab et al., 2006).
The model for PFAT included a linear covariate of off test weight (LWT), a fixed
effect of scan contemporary group (SCG), and a common environmental effect of litter of
birth. Because selection in part was for PFAT, this trait was included in each analysis.
Estimates of variances may be biased if genetic drift and selection are not considered
(Southwood and Kennedy, 1990).
Genetic parameters, corresponding SE, and genetic responses were estimated with an
animal model using MTDFREML procedures described by Boldman et al. (1995). All known
pedigree relationships back to founder animals in the base generation were included. A
single-trait analysis was performed for each trait to obtain initial variance component
estimates. Heritability, variance, covariance, and genetic correlation estimates were obtained
62
using the full relationship matrix. Covariates and fixed effects in the aforementioned general
linear analysis models were used for each trait, with a direct animal genetic effect also
included. Johnson et al. (1999) reported that variance components due to a gilt’s litter of birth
were less than 1% of the phenotypic variance for all litter traits. Therefore, a common
environmental effect of litter of birth was not included.
Comparisons of models with and without maternal effects were made with likelihood
ratio tests (Ferreira et al., 1999). The difference between the function values for pairs of
models were tested against the chi-square distribution. Degrees of freedom were the result of
the difference in number of variance or covariance components in the model (Dobson, 2002).
Differences in the models were not significant according to the chi-square distribution and
respective degrees of freedom. Therefore, maternal effects were deleted from the final model.
Final models included five traits. The convergence criterion, the variance of the
likelihood values in the simplex, in all analyses was 1.0 x 10-7 and convergence at this value
in all analyses was attained. Each analysis was then restarted with previous variance –
covariance values. Convergence to a global maximum was determined when two successive
cold restarts yielded the same -2 log likelihood of the simplex function (Boldman et al.,
1995; Stalder, 1995). Solutions for fixed effects and estimated breeding values were acquired
when convergence was attained. Combinations of traits analyzed in 5-trait groups were as
follows:
1. PFAT, NBA, LBW, NW, and LWW,
2. PFAT, TNB, NBA, LBW, and NW,
3. PFAT, TNB, NBA, LBW, and LWW,
4. PFAT, NW, LWW, TNB, and NBA, and
5. PFAT, NW, LWW, TNB, and LBW.
Additive genetic and phenotypic variances, heritabilities, genetic correlations, and
standard errors were averaged across all 5-trait analyses. Estimates of breeding values for
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TNB, NBA, and LBW were obtained and averaged from a model including all birth traits.
The estimated breeding values for NW and LWW from a model that included all weaning
traits are reported. Estimated breeding values were averaged by line-generation for all pigs in
the study and plotted to illustrate genetic trends. Mean estimates of the response to selection
were computed as the average performance of the animals in the select line and the average
performance in the control line in each generation. Approximate SE of estimates of within-
generation and average responses (regression coefficients on line) were computed using the
PROC GLM procedure in SAS (SAS Inst., Inc., Cary, NC).
RESULTS AND DISCUSSION
Genetic Variances
Estimates of genetic variances and covariances are in Table 2. Variance component
estimates are dependent on the population and the data collected (Chen et al., 2003b).
Genetic variances for TNB and NBA in the present study were much larger than those
reported in the literature for the Landrace and Large White/Yorkshire breeds (Gu et al., 1989;
Southwood and Kennedy, 1990; Rydhmer et al., 1995). Ehlers et al. (2005) and Chen et al.
(2003a) reported smaller genetic variances for NBA in Hampshire x Yorkshire litters and
Duroc field data, respectively. Phenotypic variances for TNB and NBA reported in the
present study were smaller than those for Large White and Landrace females reported by
Ducos and Bidanel (1996) and Johnson et al. (1999). Bereskin (1984) found similar results to
this study for the phenotypic variance for NBA in purebred Duroc and Yorkshire litters.
Irgang et al. (1994) found a smaller phenotypic variance for NBA in first parity Duroc sows
compared to the variance for the Duroc population in the current study. A positive genetic
covariance was found between TNB and NBA, but these traits had a negative genetic
covariance with all remaining traits in the present study.
The estimated genetic variance for LBW was similar to that reported by Gu et al.
(1989) in Landrace and Large White litters. However, estimates of the phenotypic variance
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for LBW tended to be smaller than additional literature reports (Johnson et al., 1999;
Hermesch et al., 2000; Rosendo et al., 2007). Positive genetic covariances were observed
between LBW and NW, and LBW and LWW, but a negative genetic covariance was seen
between LBW and PFAT.
A much greater genetic variance was observed for NW than was previously reported
by Southwood and Kenndy (1990). The genetic variance of NW in Duroc litters shown by
Chen et al. (2003a) was smaller compared to the present study. The phenotypic variance of
NW in this analysis was smaller than the variance reported by Rosendo et al. (2007), but
larger compared to results of Johnson et al. (1999). A positive genetic covariance was found
between NW and LWW, but the same covariance was negative and small for NW and PFAT.
The estimate of genetic variance for LWW is in agreement with the value for 21-day
litter weight reported by Bereskin (1984). However, estimates of phenotypic variance for
LWW are smaller than those reported from other studies (Bereskin, 1984; Johnson et al.,
1999; Rosendo et al., 2007). A negative genetic covariance between LWW and PFAT was
found.
Predicted intramuscular fat displayed genetic and phenotypic variances of 0.47 and
0.57, respectively. Suzuki et al. (2005a) reported a much higher genetic variance of 0.76 for
IMF percentage. No literature estimates were found regarding the phenotypic variances for
predicted IMF.
Heritabilities
Heritability estimates and standard errors are shown in Table 3. Heritability estimates
for TNB and NBA were 0.36 and 0.42, respectively. Previous studies have reported a large
range in heritability for litter size (-0.07 to 0.72). The results in this study generally tend to be
larger than most reports in the literature, with the exception of the study reported by Young
et al. (1978). They reported heritabilities of 0.72 and 0.66 for TNB and NBA, respectively. In
Duroc females selected for backfat thickness, Hetzer and Miller (1970) reported an average
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heritability of 0.10 for litter size at birth in high-fat, low-fat, and control females. Bereskin
(1984) found a heritability estimate of 0.22 and 0.09 for total number of pigs born (including
stillborns) and number born alive, respectively, from records of spring- and fall-farrowed
purebred Duroc litters. Irvin and Swiger (1984) also reported lower heritability estimates for
number born and number born alive (0.26 and 0.20, respectively) in Duroc, Hampshire, and
Yorkshire litters. A heritability estimate of 0.09 for number born alive in Duroc field data
originating from the National Swine Registry was found by Chen et al. (2003b). Holm et al.
(2004) reported the heritability for first parity number born alive to be 0.10 for Landrace
females, while Hermesch et al. (2000) found an estimate of 0.08 for the same trait in Large
White and Landrace litters. Rothschild and Bidanel (1998) reported a wide range of
heritability estimates from previous literature for TNB and NBA (0 to 0.76 and 0 to 0.66,
respectively), but the average heritability for those traits was 0.11 and 0.09, respectively. The
results in this study also contradict the heritability value of 0.10 recommended by NSIF
(1997). Higher estimates in this study and in Young et al. (1978) could have resulted from
better control of the experimental population when compared to the use of field data in
previous experiments. In addition, heritabilities in this study were derived from first parity
gilt litters which may have resulted in higher estimates.
The observed heritability estimate for LBW was 0.33. This estimate is in agreement
with that reported by Johnson et al. (1999). A similar mean heritability (0.29) was also found
by Rothschild and Bidanel (1998) in a review of genetic parameters for reproductive traits in
swine, as well as by Young et al. (1978). In contrast, Kerr and Cameron (1996) and
Hermesch et al. (2000) found the heritability of LBW to be 0.09 and 0.08, respectively.
Bereskin (1984) also observed a lower estimate (0.16) relative to the present study for
purebred Duroc litters. However, Irvin and Swiger (1984) found litter birth weight to be more
highly heritable (0.54) compared to the present results. An early weighing of the litter is
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important, and delays in recording litter birth weight in field data might be the reason for
lower heritabilities (Rydhmer et al., 1992).
The heritability estimate for NW was 0.48 from the present study. This heritability for
NW is in agreement with that reported by Bereskin (1984) for all spring-farrowed Duroc
litters. However, the results from the present findings were greater than estimates reported by
Kerr and Cameron (1996) for NW (0.13), as well as the estimate of 0.30 found by Irvin and
Swiger (1984). A lower mean estimate for NW (0.07) was reported by Rothschild and
Bidanel (1998), with literature estimates ranging from 0 to 1.0. In addition, lower estimates
for NW were reported by Johnson et al. (1999), Chen et al. (2003a, 2003b), and Cleveland et
al. (1988). Southwood and Kennedy (1990) reported estimates of heritabilities ranging from
0.09 to 0.12 for NW in Canadian Landrace, Yorkshire, and Yorkshire x Landrace gilts.
Number of pigs after transfer and breed variation among studies could explain differences in
the various heritabilities reported.
Litter weaning weight had a heritability estimate of 0.34. Bereskin (1984) reported
litter weaning weight as moderately heritable (0.37) in purebred Duroc litters. Young et al.
(1978) found a similar heritability of 0.38. The heritability for litter weaning weight found by
Johnson et al. (1999) (0.25) was comparable to the present study as well. However, Irvin and
Swiger (1984) reported heritability of 0.15 for LWW. Rosendo et al. (2007) found a lower
heritability for LWW (0.10) compared to the present study. Similarly, Chen et al. (2003a,
2003b) and Irgang et al. (1994) reported heritability estimates of 0.07 and 0.14, respectively,
for 21-day litter weight derived from Duroc field data. Litter weights adjusted to 21 days and
variation in weaning age could explain the differences in heritability estimates for LWW.
The heritability estimate for PFAT derived from this analysis was 0.85. Lo et al.
(1992) reported a lower heritability (0.52) for IMF as the percentage of extractable lipid from
the longissimus dorsi. Suzuki et al. (2005b) also found IMF to be more lowly heritable (0.49)
after 7 generations of selection for daily gain, loin muscle area, backfat thickness, and
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intramuscular fat in Duroc swine compared to the estimate in the present population. The
result in this study is also higher than the heritability for IMF percent (0.69) reported by
Newcom et al. (2005a). The higher heritability estimate for IMF in the present study relative
to previously published results could be due to the fact that IMF analyzed in this study was
determined only with the use of real-time ultrasound. Breeding animals in the current study
were not harvested and, therefore, did not have carcass estimates of IMF available. The
authors in previous studies have reported heritability estimates for intramuscular fat content
based on carcass and/or ultrasound measurements.
Genetic Correlations
Estimates of genetic correlations among litter traits and PFAT are shown in Table 3.
The estimated genetic correlation between TNB and NBA was 0.97. Young et al. (1978) and
Bereskin (1984) reported similar genetic correlations between number born and number born
alive (0.96 and 0.88, respectively). Most literature estimates report large positive genetic
correlations between TNB and NBA (reviewed by Rothschild and Bidanel, 1998). Total
number born exhibited negative correlations with the remaining traits, with the exception of
the correlation with LWW being small, but positive (0.01). The negative relationship seen
between TNB and LBW (-0.11) contrasts previous correlation estimates for these two traits.
This unfavorable association may be explained by the fact that LBW in this study was a
combination of the birth weights of only pigs born alive. Young et al. (1978), Irvin and
Swiger (1984), and Rothschild and Bidanel (1998) all showed a high and positive genetic
correlation between TNB and NW (0.76, 0.97, and 0.73, respectively). This contradicts the
estimated correlation found in the present study (-0.42). The difference between estimates
could be explained by the number of stillborns included in the TNB total. Additionally, piglet
mortality tends to be higher in larger litters. Gilts with larger litters are more likely to have a
higher mortality rate (Hermesch et al., 2000).
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The correlation between TNB and LWW in the present study is in agreement with
Rosendo et al. (2007), who also found a small positive correlation (0.08) between the two
traits. Irvin and Swiger (1984) found much larger positive genetic correlations between TNB
and LWW (1.14) and between NBA and LWW (1.13) compared to those seen in this study
(0.01 and -0.18, respectively). The difference could be attributed in part to pooled estimates
of three breeds in the Irvin and Swiger study compared to purebred Duroc litters in the
present study. Crossfostering was not practiced in the Irvin and Swiger study as well.
However, the negative relationship between NBA and LWW is in agreement with the
correlation estimate of -0.14 between NBA and 21-day litter weight reported by Hermesch et
al. (2000), even though LWW was not adjusted for NAT in this study.
The estimated genetic correlation between NBA and LBW was positive and low
(0.03). Previous reports have shown moderate genetic relationships between NBA and LBW
(Irvin and Swiger, 1984; Bereskin, 1984). Young et al. (1978) found a very large correlation
between total birth weight and number born alive (0.92). However, Hermesch et al. (2000)
reported a small negative relationship between NBA and LBW in the first three parities. The
authors concluded that this negative association could be caused by the delay in recording
litter birth weight, as well as crossfostering procedures. The genetic correlation between
NBA and NW (-0.38) in the present study contradicts the large correlations found in
previously published literature (Bereskin, 1984; Irvin and Swiger, 1984; Kaplon et al., 1991).
These differences may be due to the fact that crossfostering was not practiced in the previous
populations, but was a common management practice in the present study. However, Chen et
al. (2003a) reported a low genetic correlation between NBA and NW (0.07) in the Duroc
breed across all parities. The differences in genetic correlations in the Duroc breed may have
resulted in the use of field data in the Chen et al. (2003a) study compared to better control of
the population under study in this selection project.
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Estimates from this study revealed positive genetic correlations between LBW and
NW (0.24), and between LBW and LWW (0.14). The same genetic correlation between
LBW and 21-day litter weight in first parity females was found by Hermesch et al. (2000).
However, Young et al. (1978) and Irvin and Swiger (1984) reported higher genetic
correlation estimates between LBW and NW (0.64 and 0.68, respectively). Bereskin (1984)
also showed a much greater genetic correlation between LBW and NW (0.82) compared to
the present study. Results regarding the relationships of LBW with NW and LWW from
Rothschild and Bidanel (1998) were also much higher in magnitude relative to the
correlations found in this study. The signs of the correlations indicate that heavier litters at
birth will result in larger and heavier litters at weaning.
The estimated genetic correlation between NW and LWW (0.83) was high and
consistent with literature reports. The correlation reported by Kaplon et al. (1991) and
Rothschild and Bidanel (1998) for NW and 21-day litter weight was 0.80. Young et al.
(1978), Irvin and Swiger (1984), and Bereskin (1984) reported high genetic correlations
between NW and LWW ranging from 0.95 to 1.12. The sign and magnitude of the correlation
estimate between the two traits is expected as more pigs weaned in a litter will result in a
heavier litter weaning weight.
All litter traits in the current study exhibited a negative correlation with PFAT. While
all correlation estimates were low in magnitude, the signs indicate that an increase in
intramuscular fat will have a negative effect on reproductive performance. These results are
in agreement with the negative correlations found by Hermesch et al. (2000) between IMF
and NBA, as well as IMF and LBW in first parity gilts. Newcom et al. (2005a) and Suzuki et
al. (2005a) reported moderate, positive genetic and phenotypic correlations between
intramuscular fat and individual subcutaneous backfat layers. This implies that intramuscular
fat percentage increases as total backfat increases. Kerr and Cameron (1996) found similar
results, reporting that litter size and weight at birth were negatively correlated with loin
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backfat. Hermesch et al. (2000) also found that litter birth weight was favorably related to
leanness, which is in agreement with the present study. However, positive correlation
estimates between backfat and litter size and weight at weaning, shown by Kerr and Cameron
(1996), contradict the results of the present study. Nelson et al. (1990) revealed contradictory
results as well, concluding that litter traits from birth to weaning were detrimentally affected
by selection for leanness. The correlation estimates in this population of Duroc pigs selected
for increased intramuscular fat indicate that females with more backfat demonstrate reduced
reproductive performance.
Genetic Trends
All estimated genetic trends for litter traits after 5 generations were positive in the
control line (CL), with the exception of PFAT (Figures 1 to 5, Table 4). However, the only
significant trends were an increase in LWW (P < 0.01) and a decrease in PFAT (P < 0.0001).
The genetic change in TNB and NBA was 0.03 pigs/yr and 0.04 pigs/yr, respectively.
Southwood and Kennedy (1991) reported genetic changes for number born and NBA ranging
from -0.01 to 0 pigs/yr in the Landrace and Yorkshire breeds. The genetic change in NBA
seen in the present study in the CL is larger than the genetic change of 0.01 pigs/yr in Duroc
litters found by Chen et al. (2003b). Average genetic change in LBW was 0.02 kg/yr in the
CL. This result is similar to the average genetic change of 0.06 kg/yr in LBW found in the
control line of the study done by Johnson et al. (1999). The genetic trend in NW was 0.02
pigs/yr in the CL, which is consistent with the values reported by Rosendo et al. (2007) in a
line selected for ovulation rate. However, this result was slightly higher than the genetic
change reported by Johnson et al. (1999) for a control line. Litter weaning weight showed a
genetic change of 0.26 kg/yr in the CL in the present study. This change is larger than the
trends reported by both Johnson et al. (1999) and Rosendo et al. (2007). The genetic trend for
LWW in the present study is also much larger than the change in U.S. Duroc litters found by
Chen et al. (2003b).
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All estimated genetic trends for litter traits were negative in the select line (SL), but a
positive genetic trend was seen for PFAT. The only nonsignificant trend found in the SL was
for NW. The genetic trends of -0.05 pigs/yr for both TNB and NBA were consistent with
those reported by Southwood and Kennedy (1991) in Canadian Yorkshire and Landrace
breeds. The negative change of -0.04 kg/yr in LBW contradicts the values reported by
Johnson et al. (1999) and Rosendo et al. (2007). While the direction of change differed, the
low genetic trend (-0.01 pigs/yr) in NW was consistent with low genetic trends reported by
Southwood and Kennedy (1991) with a range of -0.001 to 0.005 pigs/yr. The genetic trend in
LWW (-0.25 kg/yr) for the SL was in agreement with the direction of the trend reported by
Johnson et al. (1999) in their index selection line, along with Rosendo et al. (2007) in a
prenatal survival line. Low rates of genetic trends were expected in the CL as no selection for
litter traits was included in this study.
The genetic trend found for PFAT in the CL was negative, but positive in the SL.
Each trend for PFAT was statistically significant (P < 0.0001). As the SL in this study was
selected for increased intramuscular fat, the positive genetic trend of 0.136 % yr-1 was
logical. The CL showed a genetic trend in PFAT of -0.116 % yr-1. Suzuki et al. (2005a)
found large responses in IMF after 7 generations of selection for average daily gain,
longissimus dorsi muscle area, backfat thickness, and intramuscular fat content in Duroc
swine. The average EBV for IMF at the 7th generation was 1.20% compared to the average
EBV of -0.05% in generation 1 (Suzuki et al., 2005b).
IMPLICATIONS
Genetic correlations between predicted intramuscular fat and litter traits indicate that
selection for intramuscular fat leads to a decrease in maternal traits. Estimated rates of
genetic change for litter traits show that improvement in these traits is possible. Because litter
size at birth and at weaning, as well as litter weight at birth and at weaning decreased with
increased intramuscular fat percent, selection to increase IMF should include measures of
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reproductive performance. Selection criteria aimed at increasing IMF content in the
longissimus dorsi should also include an additional trait(s) favorably related to birth and
weaning traits, which seem to have low and negative genetic correlations with IMF.
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TABLES
Table 1. Descriptive statistics for litter traits and intramuscular fat through 5 generations of
a selection project for intramuscular fat in Duroc swine
Trait1 N Mean SD Min. Max.
TNB 501 9.66 2.73 2 16
NBA 501 9.04 2.68 2 14
LBW, kg 501 12.49 3.78 2.13 26.89
NW 501 7.91 1.81 0 12
LWW, kg 501 37.38 14.97 0 90.25
PFAT, % 501 4.23 0.93 1.81 7.67
1 TNB = total number born; NBA = number born alive; LBW = litter birth weight; NW = number weaned;
LWW = litter weaning weight; PFAT = predicted intramuscular fat percentage determined with real-time
ultrasound.
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Table 2. Estimates of (co)variance components for litter traits and predicted intramuscular
fat from a selection project for increased intramuscular fat in Duroc swine
Trait1
Component2 TNB NBA LBW, kg NW LWW, kg PFAT, %
g2 2.46 2.76 1.97 1.20 26.80 0.47
p2 7.11 6.84 6.17 2.62 80.17 0.57
gTNB 3.08 -0.20 -0.40 -0.36 -0.07
gNBA -0.23 -0.40 -1.07 -0.02
gLBW 0.45 1.51 -0.13
gNW 5.91 -0.003
gLWW -0.42
1 TNB = total number born; NBA = number born alive; LBW = litter birth weight; NW = number weaned;
LWW = litter weaning weight; PFAT = predicted intramuscular fat percentage determined with real-time
ultrasound.
2 g2 = additive genetic variance; p2 = phenotypic variance; g = genetic covariance.
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Table 3. Heritability estimates (±SE) and genetic correlations (±SE) for litter traits and
intramuscular fat percentage from a selection project for increased intramuscular fat in Duroc
swine1
Trait2 TNB NBA LBW NW LWW PFAT
TNB 0.36 ± 0.23 0.97 ± 0.08 -0.11 ± 0.49 -0.42 ± 0.45 0.01 ± 0.57 -0.12 ± 0.31
NBA 0.42 ± 0.23 0.03 ± 0.45 -0.38 ± 0.51 -0.18 ± 0.48 -0.02 ± 0.29
LBW 0.33 ± 0.20 0.24 ± 0.38 0.14 ± 0.46 -0.16 ± 0.32
NW    0.48 ± 0.24 0.83 ± 0.15 -0.03 ± 0.25
LWW 0.34 ± 0.22 -0.13 ± 0.32
PFAT 0.85 ± 0.21
1 Heritabilities on the diagonal and genetic correlations above the diagonal.
2 TNB = total number born; NBA = number born alive; LBW = litter birth weight in kg; NW = number weaned;
LWW = litter weaning weight in kg; PFAT = predicted intramuscular fat percentage determined with real-time
ultrasound.
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Table 4. Coefficients (b) and SE for regression of mean estimated breeding values on
generation by trait and line from a selection project for increased intramuscular fat in Duroc
swine
Line C Line S
Trait1 b SE b SE
PFAT, %/yr -0.116*** 0.010 0.136*** 0.009
TNB, pigs/yr 0.033 0.019 -0.046* 0.018
NBA, pigs/yr 0.035 0.025 -0.046* 0.023
LBW, kg/yr 0.018 0.018 -0.039* 0.016
NW, pigs/yr 0.023 0.022 -0.008 0.020
LWW, kg/yr 0.256** 0.091 -0.245** 0.084
1 TNB = total number born; NBA = number born alive; LBW = litter birth weight, kg; NW = number weaned;
LWW = litter weaning weight , kg; PFAT = predicted intramuscular fat determined with real-time ultrasound,
%.
* P < 0.05
** P < 0.01
*** P < 0.0001
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Figure 1. Genetic trend for total number born and predicted intramuscular fat percentage after 5 generations of
selection for increased intramuscular fat in purebred Duroc swine. Mean estimated breeding values are divided
by their genetic SD.
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Figure 2. Genetic trend for number born alive and predicted intramuscular fat percentage after 5 generations of
selection for increased intramuscular fat in Duroc swine. Mean estimated breeding values are divided by their
genetic SD.
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Figure 3. Genetic trend for litter birth weight and predicted intramuscular fat percentage after 5 generations of
selection for increased intramuscular fat in Duroc swine. Mean estimated breeding values are divided by their
genetic SD.
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Figure 4. Genetic trend for number weaned and predicted intramuscular fat percentage after 5 generations of
selection for increased intramuscular fat in Duroc swine. Mean estimated breeding values are divided by their
genetic SD.
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Figure 5. Genetic trend for litter weaning weight and predicted intramuscular fat percentage after 5 generations
of selection for increased intramuscular fat in Duroc swine. Mean estimated breeding values are divided by their
genetic SD.
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CHAPTER 5. GENERAL CONCLUSIONS
While pork producers should strive to differentiate their product according to the
preferences of the consumer, it is important to balance selection for production and meat
quality traits with reproductive performance of their females. Efficient and productive dams
are the cornerstone of every breeding program in order to remain profitable in a competitive
market.
Correlated response in litter traits was investigated in purebred Duroc swine after 5
generations of selection for increased intramuscular fat (IMF) in the longissimus dorsi.
Genetic parameters and correlations among reproductive traits and predicted intramuscular
fat (PFAT) were estimated from the data as well.
Correlated changes in litter traits showed that selecting solely on IMF would
ultimately lead to a decrease in the maternal performance of females in the population, along
with reduced production performance of their progeny. A significant difference was seen
between the control and select lines for litter birth weight (P < 0.01) and average piglet birth
weight (P < 0.05), indicating that control line dams farrowed heavier litters and heavier
individual piglets at birth compared to select line dams. Backfat and days to 114 kg EPDs
evaluated also showed a significant difference (P < 0.01) between lines, meaning that
progeny of the control line dams will reach 114 kg faster and have less backfat than select
line progeny. Number born alive and adjusted 21-day litter weight EPDs closely follow these
results, implying that daughters of females in the select line will have fewer pigs born alive
and wean lighter litters at 21 days compared to daughters of dams in the control line.
Estimates of genetic parameters indicated that total number born, number born alive,
litter birth weight, number weaned, and litter weaning weight were moderately heritable in
this population of high IMF purebred Durocs. Genetic trends in the select line were
significant for total number born, number born alive, and litter birth weight (P < 0.05), as
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well as litter weaning weight (P < 0.01) in the select and control line. Negative genetic trends
in select line litters, along with negative genetic correlations between litter traits and PFAT in
the entire population, indicate that reproductive performance decreased with an increase in
IMF percent. However, the rates of these estimated genetic changes imply that litter traits can
be improved through selection. Future methods and tools for selection of increased IMF
should include (an) additional trait(s) with a favorable association to birth and weaning traits.
A selection index including one or more reproductive traits and IMF, the primary trait of
interest, would be beneficial to not only this selection project, but also to pork producers
everywhere. This index could then be implemented into the breeding and selection protocol
without sacrificing maternal traits in the herd, but at the same time achieving the principal
goal of improving IMF percent.
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